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SUMMARY OF PROCEEDINGS OF THE 
55th ANNUAL MEETING 


THE 55TH ANNUAL CONVENTION of the American 
Foundrymen’s Society was held in Buffalo, April 23- 
26, 1951 without exhibits. There were over 3,000 
foundrymen in attendance. 

Credit for the excellent reception and hospitality 
received by those attending is given to the Western 
New York Chapter of A.F.S. under the chairmanship 
of Alfred A. Diebold, Atlas Steel Casting Co. This 
committee excelled in its splendid work and hospital- 
ity as host to the thousands of members and guests 
attending the Convention. 

During the 4-day Convention 30 technical sessions 
were held with 70 papers being presented. In addition, 
there were three Gray Iron Shop Course sessions, three 
Sand Shop Course sessions and two Brass and Bronze 
Sand Course sessions. There was a Symposium on 
Principles of Gating sponsored jointly by Aluminum 
and Magnesium, Brass and Bronze, Gray Iron, Malle- 
able and Steel Divisions. The papers and discussions 
presented during this symposium are published sepa- 
rately. A Round-Table Luncheon was sponsored by 
each Division. The Charles Edgar Hoyt Lecture was 
given by James C, Zeder, Chrysler Corp., who spoke on 
“Management of Industrial Research.” 

A summary of the sessions held follows: 


ALUMINUM AND MAGNESIUM SESSION 
Monday, April 23, 10:00 A.M. 
Presiding—J. J. Warga, Piasecki Helicopter Corp., Morton, Pa. 
Co-Chairman—P. J. Scherbner, Sperry Gyroscope Corp., Great 
Neck, Long Island, N. Y. 
Melting Aluminum and Magnesium-Base Alloys, L. W. East- 
wood, Battelle Memorial Institute, Columbus. 
Fluid Mechanics Applied to Founding,* W.O. Wetmore and 
D. S. Richins, U.S. Naval Ordnance Test Station, Pasadena, Calif. 


BRASS AND BRONZE SESSION 
Monday, April 23, 10:00 A.M. 

Presiding—W. B. Scott, American Brake Shoe Co., National 
Bearing Division, Meadville, Pa. 

Co-Chairman—H. G. Schwab, Bunting Brass & Bronze Com- 
pany, Toledo, Ohio. 

Refining Secondary Copper Alloys, Marvin Glassenberg and 
L. F. Mondolfo, Illinois Institute of Technology, Chicago, and 
A. H. Hesse, R. Lavin & Sens, Inc., Chicago. 

Radiography as an Assistant to Foundry Practice, 8. A. Brosky, 
Pittsburgh Testing Laboratory, and C. B. Johnson, Rockwell 
Mfg. Company, Pittsburgh. 

Increasing Riser Efficiency, J. O'Keeffe, Jr., Exomet, Inc., Con- 
neaut, Ohio. 


HEAT TRANSFER SESSION 
Monday, April 23, 10:00 A.M. 
Presiding—H. A. Schwartz, National Malleable & Steel Cast- 
ings Co., Cleveland. 
Co-Chairman—E. C. Troy, Foundry Engineer, Palmyra, N. J. 
Freezing of White Cast Iron in Green Sand Molds, H. A. 
Schwartz and W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 
Heat Flow in Moist Sands, Progress Report, Heat Transfer Re- 
search, V. Paschkis, Columbia University, New York. 


* Published as part of Symposium on Principles of Gating. 


MALLEABLE SESSION 
Monday, April 23, 10:00 A.M. 

Presiding—E. C. Zirzow, Deere & Co., Moline, III. 

Co-Chairman—F., J. Pfarr, Lake City Malleable Co., Cleveland. 

Malleable Core Practice as Related to Foundry Losses, E. J. 
Jory, National Malleable & Steel Castings Co., Cicero, Ill. 

Modern Core Sand Practice, R. H. Greenlee, Auto Specialties 
Mfg. Co., St. Joseph, Mich. 


ALUMINUM AND MAGNESIUM ROUND TABLE LUNCHEON 
Monday, April 23, 12:00 Noon 

Presiding—R. F. Cramer, General Electric Co., Schenectady. 

Co-Chairmen—J. W. Meier, Dept. of Mines and Technical 
Surveys, Ottawa, Canada. 

O. Z. Rylski, Dept. of Mines and Technical Surveys, Ottawa, 
Canada. 

Subject—Centrifugal Casting. 


Brass AND BRONZE RouND TABLE LUNCHEON 
Monday, April 23, 12:00 Noon 
Presiding—B. A. Miller, Baldwin-Lima-Hamilton Corp., Eddy- 
stone Division, Philadelphia. 
Co-Chairman—H. L. Smith, Federated Metals Div., American 
Smelting & Refining Co., Pittsburgh. 
Subject—Problems in Brass and Bronze Foundries. 


EDUCATIONAL SESSION 
Monday, April 23, 2:00 P.M. 

Presiding—W. H. Ruten, Polytechnic Institute of Brooklyn, 
ye 

Co-Chairman—B. D. Claffey, Acme Aluminum Alloys, Inc., 
Dayton. 

Development of Foundry Courses in High and Trade Schools, 
R. W. Schroeder, University of Illinois, Chicago. 

Industry Participation in Secondary School Training Programs 
for the Foundry, T. W. Russell, Jr., American Brake Shoe Co., 
New York. 


HEAT TRANSFER SESSION 
Monday, April 23, 2:00 P.M. 
Presiding—H. A. Schwartz, National Malleable & Steel Castings 
Co., Cleveland. 
Co-Chairman—E. C. Troy, Foundry Engineer, Palmyra, N. J. 
Solidification of Steel Against Sand and Chill Walls, H. F. 
Bishcp, F. A. Brandt and W. S. Pellini, Naval Research Labora- 
tory, Washington, D. C. 
Solidification of Gray Iron in Sand Molds,” R. P. Dunphy and 
W. S. Pellini, Naval Research Laboratory, Washington D. C. 


MALLEABLE SESSION 
Monday, April 23, 2:00 P.M. 

Presiding—C. F. Lauenstein, Link-Belt Co., Indianapolis, Ind. 

Co-Chairman—Fitz Coghlin, Jr., Consultant, Albion, Mich. 

Relative Effects of Chromium and Silicon Contents on Rate of 
Anneal of Black-Heart Malleable Iron,” J. E. Rehder, Depart- 
ment of Mines and Technical Surveys, Ottawa, Canada. 

Part I1—Oxidation-Reduction Principles Controlling the Com- 
position of Molten Cast Irons, R. W. Heine, University of Wis- 
consin, Madison. 


ALUMINUM AND MAGNESIUM SESSION 
Monday, April 23, 4:00 P.M. 

Presiding—M. E. Brooks, The Dow Chemical Co., Bay City, 
Michigan. 

Co-Chairman—W. D. Danks, Howard Foundry Co., Chicago: 

Magnesium as a Die Casting Material, R. C. Cornell, Litemetal 
Diecast, Inc., Jackson, Mich. 

Castability and Property Comparison of Several Magnesium- 
Rare Earth Sand Casting Alloys, K. E. Nelson and F. P. Strieter, 
The Dow Chemical Co., Midland, Mich. 
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Modification’ Technique of Aluminum-Silicon Alloys, Official 
Exchange Paper from The Institute of Australian Foundrymen 
by R. H. Dyke, Defence Research Laboratories, Marybirnong, 
Victoria, presented by W. E. Sicha, Aluminum Co. of America, 
Cleveland. 


BRASS AND BRONZE SESSION 
Monday, April 23, 4:00 P.M. 
Presiding—B. N. Ames, New York Naval Shipyard, Brooklyn. 
Co-Chairman—J. W. Bolton, Lunkenheimer Co., Cincinnati. 
U. S. Navy Non-Ferrous Development Program, C. L. Frear, 
Bureau of Ships, Department of Navy, Washington, D. C. 
Melt Quality and Fracture Characteristics of 85-5-5-5 Red 
Brass and 88-8-4 Bronze, A.F.S. Research Report, R. D. Shelleng, 
C. Upthegrove and F. B. Rote, University of Michigan, Ann 
Arbor, Mich. 


MALLEABLE SESSION 
Monday, April 23, 4:00 P.M. 

Presiding—W. D. McMillan, International Harvester Co., Chi- 
cago. 

Co-Chairman—Wm. Zeunik, National Malleable & Steel Cast- 
ings Co., Indianapolis, Ind. 

Part IIl—Oxidation-Reduction Principles Controlling the Com- 
position of Molten Cast Irons, R. W. Heine, University of Wis- 
consin, Madison. 

Malleable Cast Iron Annealing Furnaces and Atmospheres, 
O. E. Cullen and R. J. Light, Surface Combustion Corp., Toledo, 
Ohio. 


EDUCATIONAL DINNER 
Monday, April 23, 7:00 P.M. 

Presiding—G. J. Barker, University of Wisconsin, Madison. 

Co-Chairman—G. K. Dreher, Foundry Educational Foundation, 
Cleveland. 

Speakers—C. J. Freund, University of Detroit, Detroit. What 
the College Graduate Can Do for the American Foundryman, and 
C. L. Carter, Albion Malleable Iron Co., Albion, Mich. Absorb- 
ing the Technical Trainee in Industry. 


Non-FERROUS FOUNDRY INDUSTRY DINNER 
(Sponsored by Non-Ferrous Founders’ Society) 
Monday, April 23, 7:00 P.M. 


Brass AND BRONZE SAND Course 
Monday, April 23, 8:00 P.M. 

Presiding—W. W. Edens, Badger Brass & Aluminum Foundry 
Company, Milwaukee. 

Co-Chairman—G. P Halliwell, H. Kramer & Co., Chicago. 

Subject: Basic Approach to Sand Conirol for Copper-Base 
Alloys, Part I—Structural, Green, Air Set and Dry Properties. 

Discussion Leader: H. W. Dietert, Harry W. Dietert Co., De- 
troit. 


Gray IRon SHOP Course 
Monday, April 23, 8:00 P.M. 
Presiding—W. W. Levi, Lynchburg Foundry Co., Radford, Va. 
Co-Chairman—E. J. Burke, Hanna Furnace Company, Buffalo. 
Subject—Air in the Cupola. 
Discussion Leader—D. E. Krause, Gray Iron Research Insti- 
tute, Inc., Columbus, Ohio. 


SAND SHOP COURSE 
Monday, April 23, 8:00 P.M. 
Presiding—F. S. Brewster, Harry W. Dietert Co., Detroit. 
Subject—Malleabie Foundry Sand Control. 
Discussion Leader—E. E. Woodliff, Foundry Sand Service Engi- 
neering Co., Detroit. 


SYMPOSIUM ON PRINCIPLES OF GATING* 

(Jointly sponsored by Aluminum and Magnesium, Brass and 
Bronze, Gray Iron, Malleable and Steel Divisions) 
Tuesday, April 24, 9:00 A.M. 

Presiding—R. F. Thomson, Research Laboratories Division, 

General Motors Corp., Detroit. 
Co-Chairmen—Aluminum and Magnesium Division—W. E. 
Sicha, Aluminum Co. of America, Cleveland. 


* Published separately as Symposium on Principles of Gating. 
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Steel Division—W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Brass and Bronze Division—G. P. Halliwell, H. Kramer & Co., 
Chicago. 

Gray Iron Division—F. J. Walls, International Nickel Co., De- 
troit. 

Malleable Division—R. P. Schauss, Illinois Clay Products Co., 
Chicago. 

Introduction—Purpose of Symposium, R. F. Thomson. 

(Aluminum and Magnesium Division), Tentative Design of 
Horizontal Gating Systems for Light Alloys, L. W. Eastwood, 
Battelle Memorial Institute, Columbus, Ohio. 

(Steel Division), Relation of Casting Quality to Gating Prac- 
tice, W. H. Johnson, H. F. Bishop and W. S. Pellini, Naval Re- 
search Laboratory, Washington, D. C. 

(Brass and Bronze Division), Considerations in the Feeding of 
Castings, A. K. Higgins, Allis-Chalmers Mfg. Co., Milwaukee. 

(Gray Iron Division), Interim Report on Gray Iron Risering 
Research, H. F. Taylor and W. A. Schmidt, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 


MALLEABLE RouND TABLE LUNCHEON 
Tuesday, April 24, 12:00 Noon 

Presiding—J. H. Lansing, Malleable Founders’ Society, Cleve- 
land. 

Co-Chairman—R. J. Anderson, Belle City Malleable Iron Co., 
Racine, Wis. 

Subjects—Panel Discussions—Malleable Foundry Refractories, 
Experimental Work on Core and Mold Materials.” 

Discussion Leader—Wm. Ferrell, Auto Specialties Mfg. Co., 
St. Joseph, Mich. 


FOUNDRY EQUIPMENT AND SUPPLIES INDUSTRY 
LUNCHEON 


(Sponsored by Foundry Equipment Manufacturers Assn. and 
Foundry Facings Manufacturers Association) 
Tuesday, April 24, 12:00 Noon 

Presiding—C. V. Nass, Chicago, President, Foundry Equipment 
Manufacturers Association. 

Co-Chairman—F. B. Flynn, Chicago, President, Foundry Fac- 
ings Manufacturers Association. 

Speakers—A. J. Grindle, Director, Foundry Equipment and 
Supplies Section, Machinery Div., N.P.A., Washington, D. C. 

Thos. Kaveny, Jr., Herman Pneumatic Machine Co., Pitts- 
burgh, Pa., Industry Consultant to Foundry Equipment and 
Supplies Section, Machinery Div., N.P.A., Washington, D. C. 


SYMPOSIUM. ON PRINCIPLES OF GATING 


(Jointly sponsored by Aluminum and Magnesium, Brass and 
Bronze, Gray Iron, Malleable and Steel Divisions) 
Tuesday, April 24, 2:00 P.M. 

Presiding—R. F. Thomson, Research Laboratories Division, 
General Motors Corporation, Detroit. : 

Co-Chairmen—Aluminum and Magnesium Division—W. E. 
Sicha, Aluminum Co. of America, Cleveland. 

Steel Division—W. S. Pellini, Naval Research Laboratory, 
Washington, D. C. 

Brass and Bronze Division—G. P. Halliwell, H. Kramer & Co., 
Chicago. 

Gray Iron Division—F. J. Walls, International Nickel Co., De- 
troit. 

Malleable Division—R. P. Schauss, Illinois Clay Products Co., 
Chicago. 

(Aluminum and Magnesium Division), Discussion by T. E. 
Kramer, Wm. F. Jobbins, Inc., Aurora, IIl. 

(Steel Division), Discussion by J. B. Caine, Foundry Consult- 
ant, Wyoming Ohio, and J. H. Lowe, Wehr Steel Co., Milwaukee. 

(Brass and Bronze Division), Discussion by B. N. Ames, N. Y. 
Naval Shipyard, Brooklyn, and W. W. Edens, Badger Brass and 
Aluminum Foundry Co., Milwaukee. 

(Gray Iron Division), The Why of Gate and Feeder Design, 
F. G. Sefing, International Nickel Co., New York.. Discussion by 
H. H. Kessler, Sorbo-Mat Process Engineers, St. Louis, Mo. 

(Malleable Division), Trends in Malleable Gating and Riser- 
ing, E. C. Zirzow, Deere & Co., Moline, Il. 

Developments in Gating of Small to Medium Malleable Cast- 
ings, C. C. Lawson, Wagner Malleable Iron Co., Decatur, II. 





PATTERN SESSION 
Tuesday, April 24, 4:00 P.M. 

Presiding—Harry Lees, Whitin Machine Co., Whitinsville, 
Mass. 

Co-Chairman—V. C. Reid, City Pattern Foundry & Machine 
Co., Detroit. 

Design of Core Boxes and Driers for Core Blowing, E. Blake, 
The Osborn Manufacturing Co., Cleveland. 

Design of Core Setting and Rubbing Fixtures, F. J. Oklessen, 
Motor Pattern Co., Cleveland. 


SAND SESSION 
Tuesday, April 24, 4:00 P.M. 

Presiding—]. B. Caine, Foundry Consultant, Wyoming, Ohio. 

Co-Chairman—R. H. Jacoby, The Key Company, E. St. Louis, 
Ill. 

Compaction Studies of Molding Sands, R. E. Grim and W. D. 
Johns, Jr., State Geological Survey, University of Illinois, Ur- 
bana, III. 

Effect of Sand Grain Distribution on Casting Finish, H. H. 
Fairfield, and James MacConachie, Wm. Kennedy & Sons Ltd., 
Owen Sound, Ont., Canada. 


TIMEsTuDY AND METHODS SESSION 
Tuesday, April 24, 4:00 P.M. 
Presiding—M. T. Sell, Sterling Foundry, Wellington, Ohio. 
Co-Chairman—H. R. Williams, Williams Management Engi- 
neering, Milwaukee. 
Fatigue Data Summary—Report No. II, M. E. Annich, Ameri- 
can Brake Shoe Co., Mahwah, N. J. 


CANADIAN DINNER 
Tuesday, April 24, 7:00 P.M. 
Presiding—J. J. McFadyen, Galt Malleable Iron Co., Galt, Ont., 
Canada. 


BRASS AND BRONZE SAND CourRsE 
Tuesday, April 24, 8:00 P.M. 

Presiding—J. R. Crain, American Brake Shoe Co., National 
Bearing Division, Meadville, Pa. 

Co-Chairman—G. P. Halliwell, H. Kramer & Co., Chicago. 

Subject—Basic Approach to Sand Control for Copper-Base 
Alloys—Part II, Hot and Retained Properties. 

Discussion Leader—H. W. Dietert, Harry W. Dietert Co., De- 
troit. 


Gray IRON SHOP Course 
Tuesday, April 24, 8:00 P.M. 
Presiding—H. H. Wilder, Vanadium Corp. of America, Detroit. 
Co-Chairman—E. ]. Burke, Hanna Furnace Co., Buffalo. 
Subject—Melting Gray Iron in a Reverberatory-Type Furnace. 
Discussion Leader—J. G. Winget, Reda Pump Co., Bartlesville, 
Oklahoma. 


SAND SHOP COURSE 
Tuesday, April 24, 8:00 P.M. 

Presiding—R. H. Olmsted, Whitehead Bros. Co., New York. 

Co-Chairman—W. D. Dunn, Oberdorfer Foundries, Syracuse, 
m. e 

Subject—Shell Molding and Use of Resin Binders. 

Discussion Leaders—B. N. Ames, New York Naval Shipyard, 
Brooklyn, and W. C. Jeffery, University of Alabama, Birming- 
ham, Ala. 


BRAss AND BRONZE SESSION 
Wednesday, April 25, 10:00 A.M. 

Presiding—F. L. Riddell, H. Kramer & Co., Chicago. 

Co-Chairman—H. G. Schwab, Bunting Brass & Bronze Co., 
Toledo, Ohio. 

Effects of Certain Elements on Grain Size of Cast Copper-Base 
Alloys, R. A. Colton and M. Margolis, American Smelting & 
Refining Co., Barber, N. J. 

Manufacture of Bronze Boiler Drop Plugs, B. F. Kline and 
J. R. Davidson, Southern Pacific Railroad Co., Sacramento, 
Calif., presented by G. P. Halliwell, H. Kramer & Co., Chicago. 


FIFTY-FIFTH ANNUAL MEETING 


Founpry Cost SEssIoNn 
Wednesday, April 25, 10:00 A.M. 

Presiding—R. L. Lee, Grede Foundries, Inc., Milwaukee. 

Co-Chairman—G. Tisdale, Zenith Foundry Co., Milwaukee. 

‘Spec’ Sheets and their Various Uses, John Taylor, Lester B. 
Knight and Associates, Inc., Chicago. 

A New Method of Evaluating Costs in Jobbing Foundries, 
A. W. Schneble, Jr., Advance Foundry Co., Dayton, Ohio, and 
C. E. McQuiston, Ohio State University, Columbus. 


Gray IRON SESSION 
Wednesday, April 25, 10:00 A.M. 

Presiding—A. P. Gagnebin, International Nickel Co., New 
York. 

Co-Chairmen—T. E. Eagan, Cooper-Bessemer Corp., Grove 
City, Pa. 

W. B. McFerrin, Haynes Stellite Division, Kokomo, Indiana. 

Influence of Silicon Content on Mechanical and High- 
Temperature Properties on Nodular Cast Iron, W. H. White, 
Jackson Iron & Steel Co., Jackson, Ohio, L. P. Rice and A. R. 
Elsea, Battelle Memorial Institute, Columbus, Ohio. 

Effect of Phosphorus Content on Mechanical Properties of a 
Nodular Cast Iron, J. E. Rehder, Department of Mines and 
Technical Surveys, Ottawa, Canada. 

Some Effects of Temperature and Melting Variables on Chemi- 
cal Composition and Structure of Gray Irons, E. A. Lange and 
R. W. Heine, University of Wisconsin, Madison. 


SAND SESSION 


Wednesday, April 25, 10:00 A.M. 

Presiding—J. A. Rassenfoss, American Steel Foundries, East 
Chicago, Ind. 

Metal Penetration—Report, Mold Surface Committee—S. L. 
Gertsman and A. E. Murton, Department of Mines and Techni- 
cal Surveys, Ottawa, Canada. 

Determination of Metal Penetration in Sand Molds, H. J. 
Gonya and D. C. Ekey, Ohio State University, Columbus. 

Effect of Fluid Metal Pressure on Penetration Defects, Progress 
Report—C. C. Sigerfoos, Michigan State College, East Lansing, 
Mich. 


DEFENSE PRODUCTION LUNCHEON 


Wednesday, April 25, 12:00 Noon 

Presiding—W. L. Seelbach, Vice-President, American Foundry- 
men’s Society. 

Speakers: A. J. McDonald, Chief, Castings Section, Iron & 
Steel Division, N.P.A., Washington, D. C. 

J. A. Claussen, Chief, Pig Iron, Section, Iron & Steel Division, 
N.P.A., Washington, D. C. 

Lt. Commander Wm. A. Meissner, Bureau of Ships, Washing- 
ton, D. C., Liaison Officer to N.P.A. 

Nigel Bell, Light Metals Division, N.P.A., Washington, D. C. 


ANNUAL BusINEss MEETING 


Wednesday, April 25, 2:00 P.M. 

Presiding—Walton L. Woody, A.F.S. President. 

President Woody called the meeting to order as the Annual 
Business Meeting of the American Foundrymen’s Society. He 
then presented the President’s Annual Address. See page xiii. 

Following this presentation President Woody called on Secre- 
tary-Treasurer Wm. W. Maloney who announced the 1951 A.F:S. 
Apprentice Contest winners as follows: 

Wood Patiernmaking Division 

Ist—Chas. J. Hofschroer, Kay-Brunner Steel Products, Inc., 
Alhambra, Calif. 

2nd—Eugene A. Busch, Worthington Pump & Machine Co., 
Buffalo. 

3rd—Allen Roy Klein, Olney Foundry, Link Belt Co., Phila- 
delphia. 

Metal ,Patternmaking Division 

Ist—Marvin L. Lohnes, Caterpillar Tractor Co., Peoria, Ill. 

2nd—Jos. E. Collins, Jr., Packard Motor Car Co., Detroit. 

3rd—John Wm. Burkholder, Jr., Central Pattern Co., St. Louis. 

Gray Iron Molding Division 

Ist—Harold M. Carty, Caterpillar Tractor Co., Peoria, Ill. 

2nd—Gerald Schrank, Nordberg Manufacturing Co., Mil- 
waukee. 

3rd—Donald N. Marinelli, Fulton Foundry & Machine Co., 
Cleveland. 
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Steel Molding Division 

Ist—John G. Polino, Dominion Engineering Works, Ltd., 
Montreal, Canada. 

2nd—Adolph C. Zinn, Waukesha Foundry Co., Waukesha, Wis. 

3rd—Norman G. Bublitz, Bucyrus-Erie Co., So. Milwaukee, 
Wis. 

Nonferrous Molding Division 

Ist—Hilary J. Heck, Nordberg Manufacturing Co., Milwaukee. 

2nd—Gilbert Dandoy, Montreal Bronze, Ltd., Montreal, Can- 
ada. 

$8rd—T. Grant Wilcox, Dominion Engineering Works, Ltd., 
Montreal, Canada. 

The Society arranged to have the five first-prize winners pres- 
ent at the Convention and to receive their awards in person. 
The first-prize winners were called to the platform and President 
Woody presented each with the first prize, a check for $100.00 
and an engraved Certificate of Award prefaced by a few words 
of commendation and encouragement. 

President Woody then called on Secretary-Treasurer Maloney 
who reported on the nominations of Officers and Directors for 
the coming year and stated that no additional nominees had 
been received in accordance with the procedure prescribed in 
Art. X of the Society By-Laws. He therefore cast the unanimous 
ballot of the membership of A.F.S. for the election of the 
following: 

President (to serve one year): 

W. L. Seelbach, Superior Foundry, Inc., Cleveland. 

Vice-President (to serve one year): 

I. R. Wagner, Electric Steel Casting Co., Indianapolis, Ind. 

Directors (to serve three years): 

Harry W. Dietert, Harry W. Dietert Co., Detroit. 

A. L. Hunt, National Bearing Div., American Brake Shoe Co., 
St. Louis. 

Dr. James T. MacKenzie, American Cast Iron Pipe Co., Birm- 
ingham, Ala. 

Martin J. O’Brien, Jr., Symington-Gould Corp., Depew, N. Y. 

A. M. Ondreyco, Vulcan Foundry Co., Oakland, Calif. 

Director (to serve one year): 

Walton L. Woody, National Malleable & Steel Castings Co., 
Cleveland. 

President Woody then introduced the Charles Edgar Hoyt 
Lecturer James C. Zeder, Chrysler Corp., Detroit. 


CHARLES EpGAR Hoyt ANNUAL LECTURE 
Wednesday, April 25, 2:45 P.M. 
Management of Industrial Research, James C. Zeder, Vice- 
President and Director of Engineering and Research, Chrysler 
Corporation, Detroit. 


PLANT AND PLANT EQUIPMENT SESSION 
Wednesday, April 25, 4:00 P.M. 

Presiding—Jas. Thomson, Continental Foundry & Machine Co., 
East Chicago, Ind. 

Co-Chairman—H. W. Johnson, Wells Manufacturing Com- 
pany, Skokie, Ill. 

Equipment and Methods of Straightening and Dimensional 
Inspection of Malleable Iron Castings, L. N. Schuman, National 
Malleable & Steel Castings Co., Cleveland. 

Dimensional Checking and Pressure Testing of Gray Iron 
Castings, K. M. Smith, Caterpillar Tractor Co., Peoria, IIl., 
presented by F. W. Shipley. 


REFRACTORIES SESSION 
Wednesday, April 25, 4:00 P.M. 

Presiding—R. H. Stone, Vesuvius Crucible Company, Swiss- 
vale, Pittsburgh. 

Co-Chairmen—R. P. Schauss, Illinois Clay Products Co., and 
R. A. Witschey, A. P. Green Fire Brick Co., Chicago. 

Ladle Refractories and Practice in Acid Electric Steel Foundry, 
Clyde Wyman, Burnside Steel Co., Chicago. (Followed by gen- 
eral discussion of ladle refractories and their application). 


SAND SESSION 
Wednesday, April 25, 4:00 P.M. 
Presiding—E. C. Zirzow, Deere & Company, Moline, IIl. 
Co-Chairman—H. K. Salzberg, The Borden Co., Bainbridge, 
N. Y. 
Core Oil Evaluation Method, A. E. Murton, Department 
of Mines and Technical Surveys, Ottawa, H. H. Fairfield, Wm. 
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Kennedy & Sons Ltd., Owen Sound, Ont., and B. Richardson, 
Steel Castings Institute of Canada, Ottawa. 

Recent Advances in Dielectric Core Baking, J. W. Cable, 
Thermex Division, The Girdler Corp., Louisville, Ky. 


A.F.S. ALUMNI DINNER 
Wednesday, April 25, 7:00 P.M. 


PLANT AND PLANT EQUIPMENT SESSION 
Wednesday, April 25, 8:00 P.M. 

Presiding—R. L. Wolf, Stone and Webster Engineering Corp,, 
Boston. 

Choosing Equipment for Nondestructive Testing, C. H. Hast- 
ings, Watertown Arsenal, Mass. 

Motion Picture—“Mechanization in Molding,” H. C. Weimer, 
Beardsley & Piper Div., Pettibone Mulliken Corp., Chicago. 


Gray IRON SHOP Course 
Wednesday, April 25, 8:00 P.M. 
Presiding—K. H. Priestley, Vassar Electroloy Products, Inc., 
Vassar, Mich. 
Co-Chairman—E. J. Burke, Hanna Furnace Co., Buffalo. 
Subject—Metal Pouring Temperature Control. 
Discussion Leader—R. A. Clark, Electro Metallurgical Div., 
Union Carbide & Carbon Co., Detroit. 


SAND SHOP Course 
Wednesday, April 25, 8:00 P.M. 

Presiding—R. H. Jacoby, The Key Co., East St. Louis, III. 

Co-Chairman—H. W. Meyer, General Steel Castings Corp., 
Granite City, Il. 

Subject—Foundry Sand Control. 

Discussion Leader—C. B. Schureman, Baroid Sales Div., Na- 
tional Lead Co., Chicago. 


Gray IRON SESSION 
Thursday, April 26, 10:00 A.M. 

Presiding—Max Kuniansky, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman—Gosta Vennerholm, Ford Motor Co., Dearborn, 
Mich. 

Basic Cupola Melting and Its Possibilities, Official Exchange 
Paper from The Institute of British Foundrymen by E. S. Ren- 
shaw, Ford Motor Co. Ltd., Dagenham, England. 

Importance of Slag Control in Basic Cupola Operation, R. A. 
Flinn and R. W. Kraft, American Brake Shoe Co., Mahwah, N. J. 


STEEL SESSION 
Thursday, April 26, 10:00 A.M. 

Presiding—J. A. Rassenfoss, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman—H. W. Dietert, Harry W. Dietert Co., Detroit. 

Precoat Materials for Investment Casting, W. F. Davenport 
and A. Strott, Wright-Patterson Air Force Base, Dayton, Ohio. 

Contribution of Riser and Casting Edge Effects to Soundness 
of Cast Steel Plate, H. F. Bishop, E. T. Myskowski and W. S. 
Pellini, Naval Research Laboratory, Washington, D. C. 

An Investigation of the Penetration of Steel into Molding 
Sands, Official Exchange Paper from Metallografiska Institute by 
Holger Pettersson, Stcckholm, Sweden, presented by J. A. Rassen- 
foss, American Steel Foundries, East Chicago, Ind. 


NATIONAL CAstiIncs COUNCIL 
Thursday, April 26, 10:00 A.M. 


Gray IRoN Rounp TaBLe LUNCHEON 
Thursday, April 26, 12:00 Noon 

Presiding—A. O. Barczak, Superior Foundry, Inc., Cleveland. 

Co-Chairman—C, A. Harmon, Hanna Furnace Co., Buffalo. 

Subject—Gray Iron Melting with Materials Available. 

Discussion Leaders—J. F. Dobbs, New York Air Brake Com- 
pany, Watertown, N. Y., A. J. MacDonald, Hanna Furnace Co., 
Buffalo, and S. A. Kundrat, Homestead Valve Mfg. Co., Cora- 
opolis, Pa. 


STEEL RouND TABLE LUNCHEON 
Thursday, April 26, 12:00 Noon 
Presiding—V. E. Zang, Unitcast Corporation, Toledo, Ohio. 
Co-Chairman—D. F. Sawtelle, Malleable Iron Fittings Co., 
Branford, Conn. 





Subjects—Alloy Substitutions and Conversion, Increasing Cast- 
ing and Total Yield, Sulphur, and Acid vs Basic Practice. 


GRAY IRON SESSION ' 
Thursday, April 26, 2:00 P.M. 

Presiding—V. A. Crosby, Climax Molybdenum Co., Detroit. 

Co-Chairman—R. Schneidewind, University of Michigan, Ann 
Arbor. 

Structure and Mechanical Properties of a Mo-Ni-Cr Cast Iron, 
E. A. Loria, The Carborundum Co., Niagara Falls, N. Y. 

Kinetics of Graphitization in Cast Iron, B. F. Brown, Dept. of 
Engineering Research, North Carolina State College, Raleigh, 
N. C. and M. F. Hawkes, Dept. of Metallurgical Engineering, 
Metals Research Laboratory, Carnegie Institute of Technology, 
Pittsburgh. 

Isothermal Transformation Characteristics on Direct Cooling 
of Alloyed White Iron, F. B. Rote and G. A. Conger, University 
of Michigan, Ann Arbor, and K. A, DeLonge, International 
Nickel Co., Bayonne, N. J. 


STEEL SESSION 
Thursday, April 26, 2:00 P.M. 

Presiding—F. Kiper, Ohio Steel Foundry Co., Springfield, Ohio. 

Co-Chairman—G. W. Johnson, Vanadium Corp. of America, 
Chicago. 

Effect of Vanadium on Properties of Cast Chromium-Molyb- 
denum Steels, N. A. Ziegler, W. L. Meinhart and J. R. Gold- 
smith, Crane Co., Chicago. 

Mechanical Properties of Cast Steel as Influenced by Mass 
and Segregation, J. F. Wallace, Watertown Arsenal, Mass., Lt. 
Col. J. H. Savage, Ordnance Corps, and H. F. Taylor, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 

Usefulness and Ill Effects of Gases in Metallurgy, E. Spire, 
Canadian Liquid Air Co. Ltd., Montreal, Canada. 


GRAY IRON SESSION 
Thursday, April 26, 4:00 P.M. 

Presiding—H. H. Wilder, Vanadium Corporation of America, 
Detroit. 

Co-Chairman—J. L. Brooks, Muskegon Piston Ring Co., Sparta, 
Michigan. 

Improvement of Machinability in High-Phosphorus Gray Cast 
Iron—Part II, W. W. Austin, Southern Research Institute, Birm- 
ingham, Ala. 

Chill Tests and the Metallurgy of Gray Iron, D. E. Krause, 
Gray Iron Research Institute, Columbus, Ohio. 

Silicon-Chromium Alloy in Complicated Iron Castings, R. A. 
Clark, Electro Metallurgical Div., Union Carbide & Carbon Co., 
Detroit. 


SAND SESSION 
Thursday, April 26, 4:00 P.M. 

Presiding—C. A. Sanders, American Colloid Co., Chicago. 

Co-Chairman—H. W. Dietert, Harry W. Dietert Co., Detroit. 

Silica Sands—Sieve Analyses, A. I. Krynitsky and F. W. Raring, 
National Bureau of Standards, Washington, D. C., presented by 
H. B. Gardner. 

Scab Defect on Gray Iron Castings, A Progress Report by 
A.F.S. Committee cn Physical Properties of Iron Molding Mate- 
rials at Elevated Temperatures. 

Testing of Sand Under Impact, W. H. Moore, Meehanite 
Corp., Cleveland Heights, Ohio. 


ANNUAL BANQUET 
Thursday, April 26, 7:00 P.M. 

Presiding—Walton L. Woody, President, American Foundry- 
men’s Society. 

The Annual A.F.S. Dinner of the Society’s 55th Annual Con- 
vention was called to order by President Walton L. Woody, pre- 
siding. 

Following the singing of the National Anthem by those in 
attendance, President Woody introduced L. C. Wilson, Chairman 
of the A.F.S. Board of Awards. Mr. Wilson introduced A. L. 
Boegehold who presented the John A. Penton Gold Medal 
Award to V. A. Crosby. 


PRESENTATION OF JOHN A. PENTON GOLD MEDAL 


Mr. Boegehold presented the award with these prefacing 
remarks: 
“I have known and admired the 1951 John A. Penton Gold 
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Medal recipient for more than 20 years. V. A. Crosby’s char- 
acter is so exemplary that he convinced me that he has no 
vices or undesirable. traits. 

“For a quarter of a century he has steadfastly promoted a 
better understanding by the Foundry Industry of the science 
and technology of cast metals. A.F.S. convention programs back 
through the years show V. A. Crosby as chairman of a technical 
session, author of a paper or chairman of a committee. The 
‘Alloy Cast Iron Handbook,’ the “Cast Metals Handbook’ and 
the ‘Cupola Operations Handbook’ were all recipients of his 
guidance and contributions. 

“Numerous local chapters of A.F.S. from Boston to Seattle and 
in Canada have repeatedly heard his lectures on many phases 
of cast iron. The Detroit Chapter chose him as Chairman in 
1941 and 1942. 

“Other technical societies receive the benefit of his and others’ 
work in the A.F.S. through his membership on committees of 
the AIMME, ASM, ASTM and SAE. In the latter society he is 
the arbiter of Specifications for Automotive Castings by being 
chairman of that committee. 

“For two years the A.F.S. Gray Iron Division Program and 
Papers Committee operated under his direction, and for the last 
two years he has been Chairman of that division. 


“The year of his birth, 1893, has been made famous by a con- _ 


siderable number of famous metallurgists. He was born under 
the sign of Zodiac which I am sure has a metallurgical aspect, 
so in spite of the fact that he graduated from ‘Ole Miss’ with 
a B.S. in Chemistry and had a scholarship to L.S.U. for post 
graduate work, he accepted a metallurgical position at the 
Dodge Bros. in Detroit. 

“Following he served in the USAF and then became Chief 
Metallurgist of Packard Motor Car Co. Next he took charge of 
melting at Studebaker Corp. and finally in 1934 he joined 
Climax Molybdenum Co. where he is now Metallurgical Engi- 
neer in charge of sales, service and development in the Detroit 
territory. 

“Because of my close association with Mr. Crosby, I have known 
for a long time that his work deserved public recognition by the 
Society so it was with great pleasure that I read the announce- 
ment that the Board of Awards has voted him the John A. 
Penton Gold Medal recipient for “Outstanding contributions to 
the dissemination of information to the Foundry Industry.” 

“It gives me great pleasure Victor Anderson Crosby to present 
to you on behalf of the American Foundrymen’s Society the 
John A. Penton Gold Medal and a certificate for Honorary Life 
Membership in this great organization.” 


Mr. Crossy’s ACCEPTANCE OF JOHN A. PENTON AWARD 


Mr. Crosby accepted this award with the following remarks: 
“It is said in the Good Book that it is more blessed to give than 
to receive, but on this particular occasion I must admit that I 
am delighted to be the recipient rather than the donor. I can 
assure you that I was surprised and very happy when advised 
that I had been selected by the Board of Awards to be the 
recipient of the John A. Penton Gold Medal. 

“I prefer to accept this honor—a recognition which comes to 
only a few people—not as a personal reward, but rather as-an 
acknowledgment of the combined efforts of all the men who 
have worked with me over the many years. I refer particularly 
to the technical staff of the Climax Molybdenum Co., to the 
A.F.S. headquarters technical staff, and to the personnel of the 
various technical committees. 

“It is with deep gratitude and humility that I accept the 
John A. Penton Gold Medal, and I shall always strive to be 
worthy of the esteem and honor it signifies.” 


PRESENTATION OF JOHN H. WHITING GOLD MEDAL 


The John H. Whiting Gold Medal Award was presented to 
Alfred Boyles by Dr. Clarence H. Lorig with these prefacing 
remarks: 

“This year’s recipient of the John H. Whiting Gold Medal is 
a young man who has devoted the major share of his professional 
career to work in the field of gray cast iron. He has attained 
national and international recognition for his efforts in advanc- 
ing our knowledge of this important metal. Thus, through his 
achievements, his devotion to his work, and his loyalty to the 
industry, he has fulfilled, in good measure, all the requirements 
for the award. 

“Alfred Boyles was born, raised, and educated in North Caro- 
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lina. He majored in chemistry at the University of North Caro- 
lina and then obtained his early technical training in the steel 
industry, having been employed at Tennessee Coal, Iron, and 
Railroad Co. for several years as analytical chemist, test engi- 
neer, and metallographer. Here he instituted microscopical tech- 
niques to solve metallurgical problems that were ingenious in 
their concept. This ingenuity was again exemplified in his work 
at Battelle where he was employed as research engineer for a 
period of six years. It was then that he pioneered a study on the 
freezing of cast iron and the formation of graphite in gray cast 
iron. In 1941, he became asscciated with the United States Pipe 
and Foundry Co. at Burlington, N. J. where he holds the posi- 
tion of research metallurgist. In that capacity, he has responsi- 
bility for metallurgical developments in the field of cast iron. 
His phenomenal mechanical design aptitude, so successfully used 
in the solution of problems, has been a source of amazing 
interest to all who know and work with him. 

“A few years ago he wrote the book ‘Structure of Cast Iron,’ 
which is a classic among textbooks in metallurgy. 

“It is therefore, significant that the Board of Awards should 
have emphasized this devotion to cast iron in their citation 
which reads, ‘Fundamental Studies on the Mechanism of Graphi- 
tization of Gray Cast Iron.’ 

“Alfred Boyles’ interests go beyond the foundry and cast iron. 
Since his coilege days, he has maintained an active interest in 
amateur astronomy and color photography. It was gratifying to 
learn that distinction came to him early through the recogni- 
tion received for some of his early contributions in the field 
of astronomy. 

“He serves on various technical committees in this Society 
and in ASTM.” 

With these remarks Dr. Lorig presented the award to Dr. 
Boyles. 


ACCEPTANCE OF JOHN H. WuitinG GoLp MEDAL 

Dr. Boyles accepted this award from Dr. Lorig and expressed 
his appreciation for this singular recognition. He also expressed 
with deep humility appreciation to his associates in the industry. 


PRESENTATION OF THE PETER L. SIMPSON GOLD MEDAL 


The Peter L. Simpson Gold Medal award was made by R. A. 
Flinn to T. W. Curry with these prefacing remarks: 

“From the age of nine, T. W. Curry worked during summer 
vacations in the various departments of the Danville Iron and 
Steel Corp. In 1932 he was graduated from the Pennsylvania 
State College with a B.S. degree in Metallurgical Engineering. 
After graduation he resumed employment with the Danville 
Iron and Steel Corp. where he developed high-strength cast iron 
for jaw crusher frames. 

“He was foundry superintendent for the Kennedy Van Saun 
Foundry for a short term. In 1943 he became associated with the 
Lynchburg Foundry Co. where he is now employed as Metal- 
lurgist. 

“He has contributed numerous technical papers on foundry 
practice to the literature and has made many talks at A.F.S. 
Conventions, Chapters and Regional Conferences. 

“I am happy to present to you, Thomas W. Curry, this Peter 
L. Simpson Gold Medal on behalf of the A.F.S. Board of 
Awards for ‘Outstanding work and contributions in the field of 
sand technology in the Foundry Industry.’ ” 


ACCEPTANCE OF THE PETER L. SIMPSON GOLD MEDAL 


Thomas W. Curry accepted this award with the following 
remarks: 

“To be the recipient of the Peter L. Simpson Gold Medal 
\ward is one of the happiest experiences of my life. However, 
| approach this moment with a feeling of humility and deep 
appreciation to accept this honor. 

“It is a priceless gift made possible for me only by the per- 
severence and hard work of my associates at Lynchburg Foundry 
Co. and the full and willing cooperation of the members of this 
Society to share their store of foundry knowledge. 

“IT hope that I shall be able to pattern my work in the Foundry 
Industry and my associations with the members of this Society 
in such a manner that both may be in keeping with the faith 
and tradition of the Peter L. Simpson Award. In so doing, I 
hope that I shall be worthy of this honor which you have con- 
ferred upon me. 

“I wish to express niy sincere appreciation and thanks to the 
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Members of the Board of Awards, and the members of the 
American Foundrymen’s Society.” 


PRESENTATION OF HONORARY LIFE MEMBERSHIP TO 
E. W. BEACH 

An Honorary Life Membership in A.F.S. was presented to E. 
W. Beach by James Thomson. -In the absence of Mr. Beach due 
to illness the certificate was received by G. W. Cannon on behalf 
of Mr. Beach. Mr. Thomson made these presentation remarks: 

“In a Society like ours, composed of so many elements, be- 
stowing recognition on a single individual for what he has done 
on behalf of the Foundry Industry becomes a most difficult task. 
I am sure that any Board of Awards is constantly faced with 
the choice of recognizing technical and practical accomplish- 
ment, or of acknowledging the grace of men who are outstanding 
in character. 

The recipient of this award is a veteran foundryman who was 
apprenticed to the Waterbury-Farrell Foundry and Machine Co., 
Waterbury, Conn., his home town, in 1891. Thereafter he served 
as president, vice-president or general manager with a number 
of foundry concerns before joining Campbell, Wyant & Cannon 
Foundry Co. of Muskegon, Mich., in 1924. For almost a quarter 
of a century he was the Executive Engineer and Metallurgical 
Consultant for the C.W.C. organization and during this period 
made many notable contributions to the science of ferrous metal- 
lurgy. For example, he is credited with first applying automotive 
cylinder casting patterns to molding machine production, and 
the A.F.S. citation is largely concerned with this period. 

“E. W. Beach is notable for other accomplishments, however. 
Among them is the deep respect in which he has long been held 
by his associates. He is a Charter Member of the Western Michi- 
gan Chapter, and he has served on the A.F.S. Plant and Plant 
Equipment Committee ever since it was first established. In fact, 
he has been that committee's guiding hand. Mr. Beach and I 
have worked together on this committee since 1934 and his 
advice and counsel have been of inestimable value to the com- 
mittee due to his long and intimate acquaintance with the engi- 
neering phases of the Foundry Industry. 

“He was active in revitalizing the Hackley Memorial Training 
Schoo! Foundry in Muskegon, now recognized as one of the out- 
standing foundry trade school enterprises. He has also long been 
active in photography. 

“Mr. Beach is entitled to recognition by this Society for the 
combination of these factors. However, I think all who know 
him will think longer of his never-failing courtesy, his kindli- 
ness under any circumstances, his ccol head under extreme 
provocation, and above all his respect for the other fellow. This 
is the kind of man that makes a Society like ours grow as a 
living thing and not just a business organization. 

“It is indeed unfortunate that Mr. Beach could not receive 
this Honorary Life Membership Certificate in person due to 
persistent ill health since his retirement from active business 
two years ago. On behalf of the American Foundrymen’s So- 
ciety, however, I present th:s award to Edward Weils Beach 
through his long time business asscciate at C.W.C., George W. 
Cannon.” 


ACCEPTANCE OF E. W. BEACH 

Mr. Cannon read this telegraphed statement from Mr. Beach: 

“My progress since release from four months hospitalization 
does not warrant my undertaking the journey to Buffalo. That 
I cannot be present to receive this honor which has been 
awarded me by the American Foundrymen’s Society in person 
is a disappointment beyond measure. 

“Membership in the Scciety has been deeply treasured through 
a long period of years, a span which has seen the development 
of an associated group of men intent on advancing their own 
individual skill in their chosen industry by means of mutual 
exchange of ideas for improvement in production methods and 
quality, to a growth that has taken it from the status of a 
minor association to that of a major engineering society of the 
world. That I am to receive individual recognition for the 
small part I have contributed to its work, is an honor indeed. 

“That the Awards Committee has chosen for its presentation 
my friend and coworker of many years in committee duties, 
A.F.S. Director James Thomson, and to accept it for me my 
former employer of 25 years, George W. Cannon, are indeed 
added honors. My appreciative thanks to the Awards Commit- 
tee and the Society for the award and token of an Honorarw 
Life Membership.” 
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PRESENTATION OF HONORARY LIFE MEMBERSHIP TO 
E. J. MCAFEE 


A.F.S. Director V. J. Sedlon presented an Honorary Life Mem- 
bership to Edward J. McAfee with these prefacing remarks: 


“For one who has been a patternmaker all his life and is en- 
gaged in the business of making patterns for foundrymen, this 
moment is indeed a happy one. It is my honor and privilege 
to represent A.F.S. in its honoring of a fellow patternmaker. 

“Mr. McAfee has been a patternmaker since 1907. He was 
born and raised in the great Pacific Northwest of Oregon and 
Washington and has been connected with the Puget Sound Naval 
Shipyard since 1916 first as a patternmaker, then as a supervisor, 
and as a Master Patternmaker since 1938. He is a patternmaker 
who projects his thinking beyond today into the possibilities of 
tomorrow. 

“Typical of his willingness to impart his knowledge to others, 
in the true spirit of A.F.S., Mr. McAfee made numerous talks 
during the past five years before A.F.S. Chapters, schools, and 
various organizations, particularly on the development and use 
of plastics as patternmaking materials. He has authored a num- 
ber of articles in the AMERICAN FOUNDRYMAN and is co-author 
of “The Pattern Maker's Manual,’ issued by the Puget Sound 
Naval Ship Yard. He has served not only on various committees 
of the A.F.S. Pattern Division, but he is now engaged in writing 
for A.F.S. a new patternmaking manual. 

“In addition to his many contributions to the technology of 
foundry patternmaking, he has for many years been prominent 
in encouraging young men to enter the foundry industry. He 
has carried on this work through the A.F.S. Apprentice Contests 
and as a Director of the Washington Chapter of A.F.S. Through 
this work, I have come to know him well and I feel that this 
recognition is one of the most deserved in many years. 


FIFTY-FIFTH ANNUAL MEETING 


“It is my pleasure to present Honorary Life Membership in 
the American Foundrymen’s Society to Edward J. McAfee ‘for 
outstanding service to the Society and to the Foundry Industry 
in the development of patternmaking materials and applica- 
tions’ and to offer him this certificate of Life Membership as a 
token of our respect and esteem.” 


ACCEPTANCE BY E. J. MCAFEE 

Mr. McAfee graciously accepted this award with these re- 
marks: 

“It is needless to say that I feel highly honored and grateful 
to be a recipient of this Honorary Life Membership in the Amer- 
ican Foundrymens’ Society. The notification of my selection 
came as a complete surprise and I feel highly indebted to the 
Society as the efforts I have put forth on its behalf fall far short 
toward making me eligible to receive this honor. However, it 
will be an incentive to me in my future endeavors to somewhat 
justify the confidence placed in me. 

“I wish to thank the Board of Awards and the Officers of the 
American Foundrymen’s Society for this honor.” 


PRESENTATION OF HONORARY LIFE MEMBERSHIP TO 
W. L. Woopy 
An Honorary Life Membership certificate was presented by 
Past President Ralph J. Teetor to A.F.S. President Walton L. 
Woody on his completion of a successful year as President of 
the Scciety. President Woody graciously accepted the Honorary 
Life Membership certificate and expressed his appreciation. 


GUEST SPEAKER 
Following presentation of Awards, the guest speaker of the 
evening, Dr. Kenneth McFarland, Superintendent of Schools, 
Topeka, Kansas, spoke on the Biblical theme “Which Knew 
Not Joseph.” 








PRESIDENT’S ANNUAL ADDRESS 


W. L. Woody* 


IT Is CUSTOMARY FOR THE PRESIDENT of American 
Foundrymen’s Society to make an annual address to 
the membership convened at the Annual Business 
Meeting of the Society during its Annual Convention. 
The main purpose of this Annual Business Meeting is, 
first, to give the membership a preview of their officers 
for the coming year; second, to recognize and do honor 
to winners in the annual A.F.S. Apprentice Con- 
test; and, third, to present to the membership one of 
the outstanding scientific men of our day with a dis- 
cussion on a subject of interest to foundrymen and 
vital to all businesses. As I stand before you, I am 
acutely aware that a “swan song,” a recitation of past 
events, interests very few and makes music only to the 
bird that is singing. What I have to recite in detail 
about a specific undertaking in no way should detract 
from the recognition of the fact that the American 
Foundrymen’s Society exists solely for and does a fine 
job im providing the time and places for the inter- 
change of technical and scientific information relative 
to the Foundry Industry. 


A.F.S. Technical Activities 


Some 100 technical committees and subcommittees, 
most of them within the Society's eight major techni- 
cal divisions, worked effectively and carried out their 
purposes and functions admirably during the year. 
The culmination of their efforts is evidenced in the 
some 100 technical papers and discussions presented 
during this Convention. 

The A.F.S. Chapter meetings and the Regional Con- 
ferences have been excellent in their conception and 
thorough in their execution. Almost all A.F.S. Chap- 
ters and Regional Conferences have been visited by 
Seciety officers or Board members during the year. 
The work of these men has been most effective and 
appreciated, 

The A.F.S. Headquarters Staff has efficiently car- 
ried on their excellent work. Particularly effective has 
been the direction of the eight A.F.S.-sponsored re- 


* Vice President of Operations and Director, National Malle- 
able & Steel Castings Co., Cleveland. 

Delivered during the Annual Business Meeting of the Society 
at the 1951 A.F.S. Convention, April 25, 1951 in Buffalo. 


search projects and coordinating the scientific work of 
the Society. 

Your Society makes available to the membership 
preprints of the technical papers presented at the 
annual Convention. These technical papers are then 
published in the annual A.F.S. TRANsactTions which is 
highly recognized by the Foundry Industry through- 
out the world. The Society also publishes in an able 
manner the more note worthy papers in the AMERICAN 
FOUNDRYMAN. The Society’s list of publications is 
constantly growing larger. 

The Society's finances have been judiciously bud- 
geted and budgets have been more than met and 
finances are in excellent condition. 

Fine cooperation has existed between the American 
Foundrymen’s Society and the foundry trade associa- 
tions, the Foundry Equipment Manufacturers Associa- 
tion and the Foundry Facings Manufacturers Associa- 
tion. The American Foundrymen’s Society has also 
worked for and with the Foundry Educational Foun- 
dation and the National Castings Council in carrying 
on the purposes of these organizations. 

During the year three new Student Chapters have 
been added to A.F.S. namely, one at Northwestern 
University, Evanston, IIl., another at Penn State Col- 
lege, State College, Pa., and the third at University of 
Alabama, Tuscaloosa, Ala. No. finer way could be 
devised to have able young men become interested in 
the Foundry Industry. 

In all this work emphasis has been on the value of 
this society to the growth of the individual member. 


A.F.S. Headquarters Housing Project 


This year, in addition to these all important phases 
of A.F.S. work, the Society undertook another project 
about which I want to go into in some detail. 

Mark Twain said, “The weather was something 
everybody talked about but nobody did anything 
about.” It seemed that every time the A.F.S. Finance 
Committee discussed the rent item in the budget they 
would say, “Why doesn’t a large Society like this own 
their own building?” But nobody did anything about 
it. 

About 14 months ago this question was discussed 
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again and this time something was done about it. 
President E. W. Horlebein asked the Vice President 
to propose a plan as a feeler to the A.F.S. Alumni 
Group. This was done at the Alumni Dinner during 
the 54th Annual Convention in Cleveland in 1950. It 
was proposed that $100,000 be raised for this purpose 
and that it be sponsored by the Alumni Group. The 
result was that $8,000 was pledged before that Con- 
vention was over. 

On June 22, 1950 this matter was presented to the 
Chapter Officers Conference and the support of the 
Chapters was asked. By the time of the Annual Board 
Meeting, July 28, 1950, $18,000 had been pledged and 
A.F.S. Board approval was assured. 

In September, 1950 a letter was mailed to the entire 
A.F.S. membership regarding the plan. The Septem- 
ber, 1950 issue of AMERICAN FOUNDRYMAN carried the 
first announcement of the approved project. At the 
September, 1950 A.F.S. Board meeting, the President 
was empowered to appoint a Building Committee. 

Ralph J. Teetor, a Past President of the American 
Foundrymen’s Society, was asked and accepted the 
President’s invitation to serve as Chairman of this im- 
portant Committee. Mr. Teetor’s associates in the 
Foundry Industry apparently hold him in the same 
high regard as the President of the Society does for 
when they were asked to serve with him on this Com- 
mittee every one of the 15 men asked, accepted the 
invitation. By this time $43,000 had been pledged 
toward the building fund. 


The Committee immediately took action and by the 
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January, 1951 meeting of the A.F.S. Board of Directors 
$70,000 had been pledged to the building fund. The 
Board then asked the Committee to complete the cam- 
paign by Convention time (April 1951), which I am 
happy to report has been more than accomplished. 

It was important, of course, to accomplish the pur- 
pose of this undertaking. However, and more import- 
ant, this project has been a large factor in a great up- 
surge of interest in the American Foundrymen’s So- 
ciety. In the Bible it says, “Where a man’s heart is, 
there will his treasures be also.”’ It is equally true that 
where your treasure is placed, great interest has first 
been aroused. It is this aroused interest in A.F.S. 
which is a by-product far greater than the project 
itself. This gives your Officers and Directors, and I am 
sure each member of A.F.S. a sense of great satisfaction 
with this year’s work in this Society. 

I take this occasion to thank the many thousands 
who have helped in all the work of A.F.S. this year 
and those that have given of their time and money to 
this particular project. A Society where so many are 
actively interested is bound to become more useful to 
the industry. Next year, with able and energetic men 
as your officers and a great piece of work for the 
Foundry Industry planned, I am sure, this aroused 
interest in the work of A.F.S. will indeed be very 
helpful. 

In closing, may I congratulate you on the high cali- 
ber of the men you have selected for your next year’s 
officers and directors and again thank those who have 
served so well this year. 








— 


’ Lala at... | 


REPORT OF THE TREASURER 


On Juty 18, following completion of the Annual Audit by 
George V. Rountree & Co., Certified Public Accountants of Chi- 
cago, the Treasurer forwarded to members of the Board complete 
financial data as follows: 

(1) Auditors’ Report as of June 30, 1951. 

(2) Consolidated Statement of Income and Expense for 1948-49, 

1949-50 and 1950-51. 
(3) Proposed Budgets (included in the above Consolidated 
Statement) for the Fiscal Years 1951-52 and 1952-53. 

The financial statements for 1950-51 reported the following. 
Income $382,923.28 against a Budget of $370,500; Expenses $431,- 
353.24 against Budget $442,730. Thus, while we budgeted 
$72,230 Excess Expense over Income for the fiscal year, the actual 
Excess Expense totaled $48,429.96. It is apparent, therefore, 
that Income exceeded Budget while Expenses were held below 
Budget. 


Income and Expense 


Major variations between Budget and actual Income and Ex- 
pense will be discussed separately in this report. 

The Auditors statement includes an operational statement of 
Income and Expense by activities. While this statement does not 
provide sufficient detail for comparative analysis, it shows that 
only two Society activities (Member Service and AMERICAN 
FouNDRYMAN) produce an Exccs; of Income in a non-exhibit 
year. All other activities are Expense-incurring. It is obvious 
that our effort should be directed toward narrowing the gap be- 
tween Income and Expense in any non-exhibit year and it is 
hoped that the income from AMERICAN FOUNDRYMAN some day 
will produce this result. 

It is interesting to note that income from AMERICAN FOUNDRY- 
MAN exceeded the Budget with respect not only to display ad- 
vertising but also to classified advertising and to subscriptions 
and sales. Total Budget for these three items was $128,000; the 
Actual was $132,708. 

A comparison of Income and Expense per member for the past 
two non-exhibit years may be of interest, as follows: 


1948-49 1950-51 


Total Membership on June 30 9.340 
Total Income $331,535 $382,923 
Income per Member $2.90 41.00 
Total Expense 402,248 431,353 
Expense per Member 46.20 


Balance Sheet 


The financial position of the Society on Tune 30, 1951, was 
some $86,000 better than on June 30, 1950. This is, however, en- 
tirely due to acquisition cf the Building Fund. In other words, 
if we eliminate the Fund Principals of the Building Fund and 
the Awards Fund, the General Fund Principal would be $238,204 
on June 30 this year against $290,618 a year ago. This is typical 
of the effect of exhibit and non-exhibit year operations. 

Comparative Condensed Balance Sheets for the past four 
years appear separately. These statements also show a total of 
Cash and Investments as follows: 


June 30, 1951 $103,913 
June 30, 1950 229,197 
June 30, 1949 85.785 
June 30, 1948 106,394 


$308.805 
118,805 
133 895 
178,805 


$412.718 
348,302 
219.599 
285,199 


It will be noted that the Accounts Receivable total of $49,975 


on the Comparative statement is not comparable with the total 
of $22,011 the previous year because the 1951 figure includes 
$35,680 in pledges received for the Building Fund. 

It will be noted that Inventories were reduced some $8,000, 
that the Deferred and Prepaid items are about the same as the 
previous year, and that Furniture and Fixtures have been re- 
duced slightly. 

On the Liabilities side, note that Accounts Payable are below 
$20,000, a good condition, and that a reserve of $1,344 has been 
set up by the Auditors against possible exchange Icsses (6%) 
on deposits in Canadian Banks. 

The Deferred Dues Income item, $109,735, compares with 
$108,081 a year ago and is the result of our Dues Income now 
being placed on an_ accrual basis for accounting purposes. The 
Treasurer would be remiss if he did not again point out the 
inconsistency cf maintaining part of our books on a cash and 
part on an accrual basis. From an administrative standpoint, we 
still do not believe that any advantage is gained by deferring 
$108,000 from 1949-50 into 1950-51, and then deferring $109,000 
from 1950-51 into 1951-52. ‘ 

The method of accruing dues no longer provides any ready 
determination cf the rate at which dues come in, and we again 
submit that the professed advantage from placing Dues Income 
on an accrual basis became practically non-existent the moment 
we adopted our present method of dues pro-rationing. It was 
claimed by the auditing concern who set up this accrual system 
that there weuld be less bookkeeping involved; on the contrary, 
the amount cf bockkeeping has very considerably increased. We, 
therefore, recommend that the Finance Ccmmittee take the time 
during 1951-52 to consult with the Staff and the present auditor 
toward the end of possible discontinuation of the accrual method 
of handling dues Income. 


General 


During the past year the Society invested in United States 
Government Securities to a total of $190,000 (par value). This 
includes $125,000 for the General Reserve Fund and $55,000 for 
the Building Fund. These investments were made from surplus 
cash funds. The Secretary-Treasurer is authorized to invest addi- 
tional Building Fund cash in increments of $500.00 or more as 
cash may be accumulated in that fund. 

While not a matter of corsideration by the retiring Board 
of Directors, the Treasurer reports that the 1951-52 Finance 
Committee has agreed to the submission of a two-vear Budget 
covering the period to June 30, 1953. It is believed that a 2-year 
Budget properly reflects the activities of the Society in view of 
the staging of an exhibit every second year, the revenue from 
which must carry the Society's expected Excess Expense of the 
succeeding non-exhibit year. Better planning, with less ten- 
dency toward “feast and famine” operations, should result. 


Conclusion 


The Society’s finances appear to be in good shape for the end 
of a non-exhibit year, with the Fund Principals (exclusive of all 
Building Funds) totaling $268,349 against $199.930 at the close 
of the previous non-exhibit year on June 30, 1949. It has been 
shown that Expenses are under cons‘ant contrel of the Finance 
Committee and Treasurer, and all Staff members responsible for 
expenditures are kept continuously cost-conscious, in keeping 
with the requirements of their activities. 

Respectfully submitted, 
Ww. W. MALONEY 
Treasurer 





Condensed Statement of Income 


And Expense 


(All Expenses Distributed to Major Activities) 
Fiscal Year July 1, 1950—June 30, 1951 





INCOME 


Total Expense 
Amount Per cent 


Membership Dues 
General Publications 
Special Publications 
AMERICAN FOUNDRYMAN 


Convention 


Miscellaneous 


TOTAL INCOME 


Excess Expense over Income 


$177,853.66 
10,820.22 
22,914.20 
164,078.49 
7,077.31 
4,887.39 


$387,631.27 
52,413.28 


$440,044.55 


46.1 
2.7 
5.8 

42.5 
1.8 
1.1 


100.0 


Total Expense 


Amount 


Membership Department ............. $ 28,245.36 


Research 


Other Technical Activities 
General Publications 
Special Publications 
AMERICAN FOUNDRYMAN 
Chapter Operations 


Convention 


General Administration 
Retirement Expense 


42,510.06 
12,272.04 
25,996.80 
$2,182.41 
154,916.46 
65,050.26 
31,325.57 
33,308.32 


14,237.27 


$440,044.55 


Per cent 


6.4 
9.7 
2.8 
5.9 
73 
$5.2 
14.8 
7.1 
7.6 
32 


100.0 


—_ 





Comparative Condensed Baiance Sheets 


As of June, 1948 to 1951, inclusive (4 years) 


FINANCIAL STATEMENTS 





Accounts Receivable 
Inventories 

Investment Securities 
Deferred & Prepaid Items 
Furniture & Fixtures (net) 


June 30, 1948 


$106,394.93 
10,003.03 
33,167.40 
178,805.60 
19,721.40 
10,744.57 


$358,836.93 


LIABILITIES 
Accounts Payable 
Accrued Items 
Social Security Payroll Deductions 
Deferred Dues Inccme 
Reserve for Canadian Exchange 
Fund Principals 


(Note: All Award and Building funds included.) 


June 30, 1949 


$ 85,785.57 


4,405.03 
$5,567.65 
133,805.60 
19,533.00 
9,791.42 


$288,908.27 


$ 17,085.31 


470.91 
204.27 
71,217.06 


199,930.72 


$288,908.27 


June 30, 1950 


$229,497.13 
22,011.00 
35,354.99 
118,805.60 
31,530.03 
16,451.18 


$453,649.93 


$ 24,665.99 
148.34 
53.12 
108,081.29 


$20,701.19 


June 30, 1951 


$103,913.45 
49,975.09 
27,817.59 
308,805.60 
31,258.11 
15,858.16 


$537,628.00 


$ 19,560.48 
141.81 
34.37 
109,735.45 
1,344.30 
406.811.59 


$537,628.00 








REPORT OF THE SECRETARY 


THIs REPORT sums up eight major activities of the Society, with 
some comments on problems affecting several. The report is 
confined largely to non-financial matters and to general adminis- 
trative matters, financial and technical activities being discussed 
in separate reports of the Treasurer and Technical Director, 
respectively. 


1. Membership 


During the past year, Membership in A.F.S. showed a net 
gain of 294 members, or approximately 3.2 per cent over the 
total of 9046 on June 30, 1950. The budget estimate was for 
neither a gain nor a loss. It seems evident that the definite 
downward trend of the previous year has now been reversed, 
which should leave no bars against more aggressive membership 
work. 

While the membership total is up, it is important to point 
out that the number of Sustaining members decreased from 197 
to 186 (a loss of 11), and the Company members decreased from 
1259 to 1242 (a loss of 17)—a total loss of 28 firm memberships. 
Since the number of Personal ($20) memberships increased 
18, from 2227 to 2240, there would seem to be some continuing 
tendency to reduce membership expenditures by converting to 
lower classes. 

A comparison of membership gains and losses over the past 
four fiscal years, as shown below, brings out two significant 
points: 


1947-48 1948-49 1949-50 1950-51 


Members Gained (all Classes) .. 1,979 1,755 1,787 2,316 
Members Lost (all causes) .... 1,259 2,095 2,804 2,022 
Net Gain (or Les;) 720 (340) (1,017) 294 
Average Gain (Loss) per Month (28.3) (84.7) 24.5 
Total as of June 30 10,063 9,046 9,340 
Rate of Turnover 20.8% 31.0% 216% 


First, during 1950-51 we showed the largest membership gain 
in four years, and although the net gain was less than in 1947-48, 
we showed a net gain instead of the net loss of the past two 
years. This again emphasizes the reversal of a downward mem- 
bership trend. Second, we have added to this statement a new 
comparison, namely, Rate of Turnover, which is important to 
consider for the future of the Society’s membership. The Rate 
of Turnover for 1949-50 was very heavy (31%) and in 1950-51 
it was greater than in either 1948-49 or 1947-48. The point 
should be emphasized that our membership will not increase 
if we continue to lose as many members as we gain each year. 

We would like the Directors to keep these two facts in mind 
in considering certain elements that affect our ability to solicit 
and sell memberships. The Society now has spent approximately 
$75,000 in staging eight Annual Chapter Officers Conferences, 
and in these Conferences considerable effort has been directed 
toward the end of increasing membership by impressing the 
importance of Society activities on the local Chapter officers. 

The National Office today has little to do with membership 
solicitation work, which is largely in the hands cf the Chapter 
Membership Committees, because of the expressed desire of the 
Chapters and the National Board of Directors. That delegation 
of membership work is eminently desirable if the responsibility 
is accepted by the Chapters, but we submit that the member- 
ship work in many Chapters is very loosely conducted, particu- 
larly in the effort to hold present members. For example, we 
set a total of 985 new members as a “Target” for the Chapters 
during the fiscal year 1950-51, and show an actual gain of 2316 
members. However, the net gain was only 294 and only eight 
Chapters made their targets for the year. It is very obvious 
that the failure of the other Chapters to do so is simply because 
of the number of delinquents drepped and not held. 

The Secretary's report for June 30, 1950, stated, “There must 
be greater recognition of the status of our Membership as Cir- 
culation, and conscious effort to gain and maintain greater hori- 
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zontal coverage for the magazine.” From this standpoint, a high 
circulation (i.e., membership) turnover is undesirable, and to 
this end we have several recommendations to make: 

(1) We repeat our request of last year that the Chapter Con- 
tacts Committee might well concentrate on membership work 
in 1951-52 almost to the exclusion of any other point of 
discussion with our Chapters. 


(2) We recommend that the National Membership Commit- 
tee, 2 body which has largely existed in name only, be made an 
active corresponding body under Chairman Wagner, with at 
least a monthly letter from the Chairman to all Chapter Mem- 
bership Committee Chairmen. 

(3) We believe that greater effort should be made toward the 
conversion of Personal ($20) memberships to Company member- 
ships and Company memberships to Sustaining memberships. 

(4) The National Office intends to obtain lists of prospective 
names from the Chapters for direct membership solicitation from 
the National Office, a point brought out at the recent Chapter 
Officers Conference. 


(5) The National Office intends to renew membership targets 
for 1951-52 with a goal of 10,000 by June 30, 1952, and we 
urge all members of the Chapter Contacts Committee to empha- 
size these targets to the Chapters. 

(7) We recommend that the President and Vice-President 
call a meeting in Chicago this Fall, inviting five or six nearby 
Chapter Chairmen to discuss specific ways and means for increas- 
ing our membership. No business organization, seeking to in- 
crease its sales (e.g., membership) could soundly delegate those 
activities to some group and then have no control whatever over 
the sales efforts of that group. Yet that is exactly what A.F.S. 
does on membership work. ‘ 

A few general membership particulars: The pro-rationing of 
membership dues continues. Members entering military service 
will continue to be carried without loss of membership and 
without further payment of dues. Student members will be 
carried for one year at the student member dues, even though 
they leave School and enter employment that year. It should be 
pointed out that no complaints on the handling and processing 
of memberships were expressed at the recent Chapter Officers 
Conference. Our time for processing correct dues payments con- 
tinues to be seven days. 

One particular problem must some day be solved, for in our 
opinion it will affect the future character of our members, if not 
the Society itself, and this is the problem of whether the indi- 
vidual member or his firm should be encouraged to pay the 
membership dues. It is our belief that the Society must some 
day take a definite stand, for at the present time some 50 per 
cent of al! Personal memberships are paid by company check. 
If this percentage increases to 80 or 90 per cent, it might be 
asked whether we then would have a technical society or the 
basis of a trade association, for in the latter type of organization 
all dues are paid by the companies. We believe that this is a 
major policy problem for consideration by the Board Policy 
Sub-Committee on Membership. 


2. Chapters 


No new regular Chapters were established during 1950-51, 
although there has been some activity in New England, which 
has been explored by Vice-President-elect Wagner with no defi- 
nite developments to be reported as yet. Three new Student 
Chapters were formed, at the University of Alabama, North- 
western University, and Pennsylvania State College. 

It continues to be our pclicy not to create Chapters, but to 
encourage and cooperate with any Chapter movement. How- 
ever, in any case where the territory of a proposed Chapter will 
overlap a present Chapter, the existing Chapter must be notified 
immediately of any new Chapter movement. 

The 8th Annual Chapter Officers Conference was held June 
25-26, 1951, with a total attendance of 101, including 83 Chapter 
delegates—both being new highs for these events. All 40 Chap- 
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ters were represented, all but two with at least two delegates, 
and 5 with three delegates. The total of 83 included 36 Chair- 
men, 36 Program Chairman-Vice-Chairmen, 8 Secretary-Treas- 
urers, 2 Secretaries and | Director (through misunderstanding). 
Chairman Walter L. Seelbach presided and 14 National Officers 
and Directors, another new high, were present. Those attending 
have expressed themselves.as receiving a great deal of value from 
the meeting. 

During the past year the National Officers, under Vice- 
President Seelbach, continued to devote considerable time and 
effort to visiting Chapters and maintaining closer contacts for 
the national organization. President Woody attended all but 
one regional conference and also visited the Chapter Board of 
Directors on the west coast. The Secretary spent nearly four 
weeks on the west coast in October and, following that trip, 
recommended close contact with the west coast Chapters for the 
next several years. 

The two major Chapter problems today are (1) developing 
greater activity in membership work, and (2) the continuous 
development of programs that really serve the membership. We 
suggest that the Chapter Contacts Committee consider their 
Chapter visits in the nature of “inspection visits” and suggest 
also that the Committee members, following a Chapter visit, 
might well address personal letters to the management of com- 
panies that do not now support Chapter activities. 


3. Convention 


A total of 2816 were registered at the 55th Annual Conven- 
tion of the Scciety in Buffalo, N. Y., April 23-26, including 1935 
members, 446 non-members, 199 ladies, and 186 complimentary 
registrations. The registration fees of $2 for members and $5 
for non-members seems to have been generally accepted, with few 
complaints noted. The housing of this Convention was again 
rather difficult to handle, which should lead us in future years 
to consider carefully the staging of any Convention in a city 
having only one outstanding hotel. 

The local Convention Committees under the Chairmanship of 
Chapter Chairman A. A. Diebold carried on their activities in 
a highly enthusiastic and excellent manner and in no small 
part contributed to the success of th's Convention. Numerous 
compliments have been received on the smoothness with which 
the Convention was run, due largely to the presence of 12 staff 
members, most of whom are now experienced in the staging of 
cenventions. 

An excellent technical program was provi‘led and two innova- 
tions were the Defense Production Lunchecn on Wednesday 
and the Foundry Equipment & Supplies Luncheon on Tues‘ay, 
both addressed by officials of the National Production Authority. 
Both sessions were sellouts and probably should be continued 
during the period cf the present emergency. 

Two Convention problems need solving: (1) We believe that 
the Annual Banquet should be carefully considered in order to 
reduce the time given for speeches and presentations prior to 
introduction cf the main guest speaker. The 1951 Banquet pro- 
gram was much too long and a number were forced to leave 
before the guest speaker finished, at nearly 11:00 p.m. (2) A 
four-day Convention program in a non-exhibit year is much too 
tight, and we strongly recommend that any future non-exhibit 
Conventions be held over a period of five days, with the Ban- 
quet on the third day. 

No list cf registered attendance is being prepared for the 
Buffalo Convention. 


4. International Foundry Congress—1952 


During the past year, considerable thought has been devoted 
to the International Foundry Congress to be held May 1-7, 1952, 
in Atlantic City, N. J. A meeting was held in Cleveland in April 
and, following the Buffalo Convention, the Secretary visited 
Europe and contacted the foundry organizations in France, Italy, 
Switzerland, Belgium, The Netherlands, England and Ireland. 
He found the European foundrymen enthusiastically planning 
to attend, if possible, under present restrictions on U. S. dollars 
and further restrictions on the issuance of visas for travel to 
this country. 

While in Europe it was agreed by all that a two-week pre- 
Convention tour, followed by the Convention week in Atlantic 
City, would be desirable, and it is estimated that approximately 
100 European foundrymen may participate in such a tour. 






TRANSACTIONS 





Details will be handled by Tom Makemson, Secretary of the In- 
stitute of British Foundrymen, at Manchester, England, and 
arrangements already have been made for the boat. The tour 
will be handled by Thomas Cook & Son. President-elect Seel- 
bach and the Secretary contacted ECA in Washington to explain 
in what manner ECA may be of assistance with this tour. 

The fact that President and Mrs. Seelbach attended the Inter- 
national at Brussels in September undoubtedly increased the 
European interest in the 1952 big event. I do not believe any 
incumbent president of A.F.S. has attended an International 
in Europe since 1929. 


5. American Foundryman 


The fiscal year 1951-52 was the first year during which adver- 
tising was solicited by outside publishers representatives, oper- 
ating strictly on a commission basis. In spite of the fact that 
all three representatives originally selected were changed during 
the year, the first year of the 3-year budget for AMERICAN 
FOUNDRYMAN was met and surpassed. 

Closer contacts have been maintained with the members of 
FEMA and the FFMA, and the number of pages of advertising 
(448) exceeded the total in any previous year. The Society's 
membership is now audited by the Audit Bureau of Circulation 
(ABC), which means that henceforth our circulation will have 
greater standing with advertisers and advertising agencies. Much 
still remains to be done in increasing our horizontal circulation 
coverage, and to this end we must seek membership by a greater 
number of ccmpanies even more than by individuals. 

Advertising rates in AMERICAN FOUNDRYMAN were raised some 
12 per cent as of July 1, 1951, the full effect of which will not be 
felt until July 1, 1952. Some discussion has taken place recently 
toward the end of making the advertising rates in AMERICAN 
FOUNDRYMAN more comparable with those cf The Foundry; we 
believe that the time for more definite discussion should be 
when we have made the budget for the second year cf the pres- 
ent 3-year budget. We must first overcome the advertising 
inertia which the magazine has experienced during the past six 
years, and in the judgment of the Staff, we will do so when we 
reach an average of 50 pages of advertising per month, but 
not until that time. 

During the past year we carried out considerable effort toward 
circulation support .by mailing copics of the magazine to a 
selected list cf non-member firms, changing the lst every four 
months. Some complaints over this practice were registered at 
the eighth Chapter Officers Conference, it being felt that these 
mailings and our subsequent sol-citation for members or sib- 
scriptions, affected the Chapters’ membership s:licitation work. 
From now on we will allow a period of 90 days between the 
drepping of a member and his being solicited for a subscription, 
and we will not follow up at all any Canadian members lost. 

Certain policies which govern the magazine were brought out 
in the Secretary’s report last year. Since then these policies have 
been affirmed by the Publications Committee and might well be 
repeated: 

Advertising is sold only on its merits, and no pressure of any 
kind is exercised under penalty of discrimination in other 
activities. 

No attempt is made to claim greater readership than is 
known and verifiable. 

No special rates or rebates are permitted. 

Arrangement of editorial comment is primarily for reader 
convenience. 

Editorials are prepared by men of industry, not by the Staff 
alone. 

TRANSACTIONS material is not duplicated in the magazine in 
order to save production expensz2. 

A.F.S. does not pay for any article published. 

Articles are not published merely to please advertisers and 
gain advertising. 


6. Technical Activities 


The Technical Director's report fully covers these activities. 
However, a few general comments are called for. 

The backbone of A.F.S. is its technical work, and in recent 
years it has been recognized that this technical work extends not 
only to the work of our technical committees, but also to the 
rendering cf assistance to our Chapters and the preparation of 
their technical meeting programs. This includes a greater par- 
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ticipation by the National Office in the organization and opera- 
tion of Regional Conferences. We believe this is a sound ap- 
proach which can be continuously developed so long as realistic 
consideration is given the matter of Staff assistance. 

A full-time Staff man, Kenneth N. Morse, has now been em- 
ployed to head up our new Safety & Hygiene Program. Mr. 
Morse will be working under the direct supervision of the 
Technical Director. - 


7. Publications 


Technical publications also will be covered in the report of 
the Technical Director. The one prcblem facing the Staff in the 
matter of special publications today involves the failure of our 
committees to complete the manuscripts for some projected ten 
or twelve important publications. 


8. General Administration 


Certain decisions have been made regarding the acquirement 
of a Permanent Headquarters Building for A.F.S. An Action 
Sub-Committee of the Housing Committee is developing plans. 
A total cf approximately $140,000 has been raised to date, of 
which all but $38,000 represents paid contributions. One hun- 
dred per cent of our regular Chapters and two of our Student 
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Chapters contributed, as well as 375 individuals and 379 com- 
panies. A total of 9 individuals and 26 companies each con- 
tributed $1000 or more to the Fund, and we should like at this 
time to thank all members of the Board of Directors for their 
contributions, individual or company. 

During the past year, no Staff turnover in executive positions 
occurred, with the exception of the dropping of the Cupola 
Research worker last October and the hiring of the Safety & 
Hygiene administrator. No temporary clerical help was hired 
last summer, for the first time in five years, due to a more com- 
petent membership handling and the pro-rationing of dues. 


Recognition 


We of the Staff wish to extend our appreciation for counsel 
and guidance to the Officers and Directors with whom we have 
worked closely during the past 12 months. The year 1950-51 
proved to be another eventful period in the progress of the 
Society, and under the leadership of President Woody has un- 
doubtedly advanced A.F.S. considerably in its recognition by the 
castings industry. 

Respectfully submitted, 
Wma. W. MALONEY 
Secretary 





5-Year Comparative Membership Report 
As of June 30, 1947-51, Inclusive 





June 30, 1947 


June 30, 1948 


June 30, 1949 June 30, 1950 June 30, 1951 





Sustaining Members 193 
Company Members 1,548 
Personal Members ............ ere ee 

Student & Apprentice Members 

Honorary Life Members 

Internaticnal Members 


New Members, 12 Months 
Resignations 

Delinquent Dropped 
Removed by Death 

Net Gain (Loss) for Year 


Members in Chapters 


199 221 197 186 


1,525 1,380 1,229 1,218 
7,860 7,508 6,571 6,836 


307 430 550 499 
63 69 75 71 
449 455 424 


10,403 10,063 
1,979 1,755 


286 303 
948 1,759 

25 33 
720 (340) 


9,519 9,253 
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A. F. S. Membership Distribution 
June 30, 1951 





Personal Personal Student & Honorary 
Chapter Sustaining Company Personal (Affiliate) (Associate) Apprentice Life Total 
es 27 61 145 2 oe 
12 13 
25 
7 
31 
9 
26 
22 
22 





Birmingham 
British Columbia 
Canton District 
Central Illinois 
Central Indiana 
Central Michigan 
Central New York 
Central 
Chesapeake 
Chicago 

Cincinnati District 
Detroit 

Eastern Canada 
Eastern New York 
Metropolitan 
Mexico City 
Michiana 

Mo-Kan 
Northeastern Ohio 
Northern California 
No. Illinois & So. Wisconsin 
Northwestern Pennsylvania 
Ontario 

Oregon 
Philadelphia 

Quad City 
Rochester 

Saginaw Valley 

St. Louis District 
Southern California 
Tennessee 
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Timberline 
Toledo 
Tri-State 
Twin City 
Washington 
Western Michigan 
Western New York 
Wisconsin 
‘TOTAL IN REGULAR CHAPTERS 
STUDENT CHAPTERS 
Massachusetts Inst. of Technology .... 
Michigan State College 
Missouri School of Mines 
Northwestern University 
Ohio State University 
Oregon State College 
Penn. State College 
Texas A & M College 
University of Alabama 
University of Illinois .................- 
University of Minnesota 
TOTAL IN STUDENT CHAPTERS 
TOTAL IN ALL CHAPTERS 
Internaticnal 
Non-Chapter 
Ns 5 ahacae GoW oS. ee 
Military Inactive 
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2 
1 
9 
1 
2 
3 
4 
7 
7 
1 
2 
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5 
4 
1 
0 
9 
8 
4 
3 
2 
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REPORT OF THE TECHNICAL DIRECTOR 


THIS PROGRESS REPORT covers the period beginning July 1, 1950 
and ending June 30, 1951. 


Technical Activities 


Our technical committee personnel roster has been in a state 
of revision, in order to eliminate members of various commit- 
tees who have found it impossible to be active in the work of 
the committee. In addition, of course, it is always considered 
desirable to add new members to the committees, who are both 
qualified and willing to devote their time and effort to our tech- 
nical affairs. Also, in some instances, it has become desirable to 
abolish a committee when its originally intended purpose has 
been completed and further work considered unnecessary. 

At the end of each two-year period it likewise becomes neces- 
sary for each of the Divisions involved to select a new Chairman 
and Vice-Chairman. Several such changes have taken place this 
year. Under these circumstances, it is apparent that it will be 
necessary to publish a new Committee Personnel Roster, since 
the various committee chairmen and members find them particu- 
larly useful especially when they are attempting to integrate 
their work with that of other committees. 

Following action of the Board of Directors at its meeting 
last January, we have been fortunate in obtaining the services 
of Kenneth E. Morse to direct the Safety, Hygiene and Air 
Pollution activities of the Society. Our initial efforts in this 
field will be the preparation of a suitable brochure and the 
appointment of a fund solicitation committee as well as a 
working committee, to acquire the funds necessary for the prose- 
cution of this work, in addition to the technical activities in- 
volved. 

In the latter field, our first efforts will be confined to a careful 
review of our present Recommended Practices and their modern- 
ization, in contemplation of publishing revised editions. 


A.F.S.-Sponsored Research 


At the Annual Meeting of the Board of :Directors in 1950 a 
Research Committee of the Board, comprised of Messrs. Dun- 
beck, Farquhar and Zang, was appointed for the purpose of re- 
viewing the several Society-sponsored research projects and to 
recommend budgetary appropriations for these projects. At the 
meeting of this Committee held July 9, 1951, the Technical 
Director prepared a summary of A.F.S. Research Projects. 

A.F.S.-sponsored research projects now being conducted are 
as follows: 

Aluminum & Magnesium Division—‘“A Study of the Prin- 
ciples of Gating,” conducted at Battelle Memorial Institute, 
Columbus, Ohio. 

Brass & Bronze Division—“The Fracture Test as an Indica- 
tion of the Melt Quality of Tin Bronze,” conducted at Univer- 
sity of Michigan, Ann Arbor, Mich. 

Malleable Division—“The Effect of Melting Conditions on 
Anneability, Hot Crack Formation, and Fluidity of Malleable 
Iron,” conducted at University of Wisconsin, Madison, Wis. 

Sand Division—‘“Properties of Sand at Elevated Tempera- 
tures,” conducted at Cornell University, Ithaca, N. Y. 

Steel Division—‘Influence of Mold Conditions on the De- 
velopment of Hot Tears In Steel Castings,” conducted at Armour 
Research Foundation, Chicago. 

Gray Iron Division—“Gating and Risering of Gray Iron 
Castings,” conducted at Massachusetts Institute of Technology, 
Cambridge, Mass. 

Centrifugal Casting—‘“The Study of Feasibility of Centrifu 
gally Casting Light Alloys,” conducted at Canadian Bureau of 
Mines, Ottawa, Ont., Canada. 

Heat Transfer Investigations—“Fundamental Studies of Heat 
Transfer,” conducted at Columbia University, New York. 


1951 Convention Program 


Judging from the numerous statements of commendation made 


by members during and since the Annual Convention, it is be- 
lieved that this unquestionably was one of the most successful 
and smoothly operated Conventions we have had up to the 
present time. The attendance exceeded our last non-exhibii 
Convention by approximately 800 registrants, the total being 
slightly over 3,000. Fifty different functions were scheduled 
during the Convention, in which 90 authors or discussion lead- 
ers participated. Of the formal papers presented, 43 were pub- 
lished as separate preprints, including five in AMERICAN FOUNDRY- 
MAN in lieu of separate preprints. A larger number of the 
papers could not be preprinted in advance of the Convention 
due to the*fact that the manuscripts were not received from 
the authors and subsequently approved by the Program and 
Papers Committee, in sufficient time to allow for their editing 
and production. 

Approximately 3,500 requests were received from members of 
the Society for one or more preprints. When the requests were 
received before the specified deadline date, preprints were 
mailed to members approximately one month in advance of the 
Convention, to afford them an adequate opportunity to review 
the papers and come prepared to enter into an intelligent dis- 
cussion following the presentation of the paper at the technical 
session. 

Three functions were scheduled during the Convention which 
are worthy of special mention, namely, the Foundry Equip- 
ment and Supplies Luncheon, the Defense Production Luncheon 
and the Symposium on the Principles of Gating. The latter was 
unusual in that it was the only technical function scheduled 
at that time, and because of its general interest to all foundry- 
men, resulted in a remarkable attendance, estimated at 1200, 
even though it started one hour in advance of the normal time 
for technical sessions, and lasted throughout the entire day. 
A total of 14 authors participated in this Symposium, and all of 
the papers, together with both written and oral discussions, are 
published as a separate book covering the entire proceedings of 
the Sympcsium. 


Publications 


The Annual Transactions of the Society for 1950, Volume 58, 
comprising 760 pages, was published and shipped during the 
month of December, 1950, to all who had ordered it on a pre- 
publication basis. A total of 1122 copies of this volume has 
been sold and in addition 207 furnished gratis, on request, to 
Sustaining and Honorary Members of the Society, making a 
total of 1329 copies distributed, of the 1500 copies produced. 

In accordance with our established policy, these TRANSACTIONS 
were sold at a pre-publication price of $6.00 to members of the 
Society, distributed gratis to Sustaining and Honorary Members 
who requested them, a relatively small number sold to members 
at the post-publication price of $8.00, and to non-members of 
the Society at $15.00 each. 

As part of the Annual Transactions it has been the policy of 
the Society to provide a stenotype recorder at each of the techni- 
cal sessions during the Convention, for the purpose of recording 
any oral discussion which followed the presentation of the paper. 
These stenotype records are then reproduced and sent to partici- 
pants for correction, subsequently edited by Jos. E. Foster, 
Technical Assistant, at which time any irrelevant or undesirable 
discussion is deleted, and the balance published in the TRANs- 
actions immediately following the technical paper itself. 

The actual recording of the oral discussion by the stenotypist, 
together with the expense of setting the additional type and its 
printing in the TRANSACTIONS, represents an estimated cost of 
$700 to $1,000 each year. Usually such oral discussion adds 
relatively little, as compared with written discussions prepared 
in advance, which are well planned and intelligently presented. 

Under these circumstances, it is the recommendation of the 
writer that we dispense with the services of the stenotypist re- 
corders at the Annual Conventions and instead confine discus- 
sions of technical papers primarily to written discussions and 
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such brief summary as a pre-appointed representative from the 
appropriate Division might prepare in written form. In other 
words, it would be left to his judgment to include only im- 
portant points which might be develcped during oral discussion, 
and possibly, if deemed advisable, actually communicate with 
the discusser in an attempt to induce him to prepare it in writ- 
ten form. 

During the fiscal year the following publications were pro- 
duced and made available for sale: 


Non- 
Number Member Member 
Printed Price Price 





. Engineering Properties of Cast Iron 500 $2.25 $3.50 
. Symposium on Interpretation and 
Application cf Sand Test Data for 
the Production of Quality Steel 
Castings 
. Gray Iron Research Progress Report 
No. 1 
Gray Iron Research Progress Report 
No. 2 
. Foundry Work (a high school text- 


* This book is under contract for publication and distribution 
by John Wiley & Sons of New York. Because of the inadequate 
marketing facilities of the Society for a book of this kind, and 
our desire to obtain maximum distribution, it was decided to 
contract with a well recognized publisher for the production and 
sale of this book, at an estimated price of $1.60 per copy. The 
first edition will comprise 10,000 copies. 


Following failure on the part of the author originally invited 
to write this book, we were fortunate enough to obtain the 
services of Edwin W. Doe, Chairman of the Metal Shops Dept., 
Brooklyn Technical High School, Brooklyn N. Y., who has done 
a commendable job in preparing this text in a very short time. 

Most recent advice received from Prof. Peter E. Kyle of Cor- 
nell University, the author of the college foundry textbook, is 
that the manuscript will be ready by the end of the summer. 
This likewise will be submitted to several recognized publishers 
of textbooks, for bids in anticipation of a contract for its 
publication and sale. 

In addition to the first four publications mentioned above, 
our own printing facilities as well as staff personnel, have been 
utilized for the production of the A.F.S. Alumni Directory and 
the Chapter Officers Manual. 

The Sand Testing Handbook is in the last stages of revision 
and it is practically certain that the new edition will be pub- 
lished and offered for sale before the end of the calendar year. 

The Glossary of Foundry Terminology is in process of editing, 
and while it still requires a ‘considerable amount of work, sub- 
stantial progress has been made towards its completion. It is 
hoped that within the coming year this work can be completed 
and made available. 

Advance or Pre-publication Order Forms for the Annual 
TRANSACTIONS of the Scciety for 1951, Volume 59, have been sent 
to the entire membership. Subscriptions to the TRANSACTIONS 
will again be on a prepaid, pre-publication basis at a price of 
$6.00 to members and $15.00 to non-members of the Scciety, with 
gratis copies to all Sustaining and Honorary Members who re- 
quest them. Subsequent to the close of the pre-publication offer, 
Sept. 30, members will be charged $8.00 per copy and non- 
members $15.00 for this publication. Only a clothbound edition 
will be produced and it is expected that it will be ready for 
shipment during December, 1951. 

As is customary, the Chas. Edgar Hoyt Annual Lecture, this 
year presented by Mr. James C. Zeder, Vice-President and Direc- 
tor of Engineering and Research of the Chrysler Corporation, 
has been published and is now available for sale. Th.s paper 
is included in this volume of the annual TRANSACTIONS (p. 1). 

The manuscripts for a number of other special publications 
are anticipated in the near future. In addition, the CAst METALS 
HANDBOOK as well as the CupoLA HANDBOOK must be completely 
revised and published, since our present supply is relatively low. 
In order to assume this load, it will be necessary to increase the 
technical staff or publication of these works must of necessity be 
materially delayed. Inasmuch as our present policy is to price 
all publications so as to yield a modest profit, it appears highly 
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desirable to acquire such necessary personnel to expedite this 
work. Beyond this, as a technical society, we have a definite 
obligation to the Industry to publish these technical works 
promptly when the manuscripts are available, and thereby avoid 
premature obsolescence of the information they contain. The 
Publications Committee of the Board of Directors will make a 
separate recommendation regarding this situation. 


Technical Inquiries 


Technical inquiries continue to be received at National 
Headquarters and when possible, are answered promptly reflect- 
ing the best available information. During the year a total of 
401 individual requests was received. Lack of a library and a 
well qualified technical librarian, of course, make it difficult and 
time consuming in many instances, to prepare a reply which will 
be of value to the recipient. 


Apprentice Contest 


Each year the Society sponsors an Apprentice Contest. For 
the seccnd consecutive year the contest has included metal pat- 
ternmaking as well as wood patternmaking, and molding in the 
fields cf light metals, copper base, gray iron and steel. A total 
cf 246 entries was received from 76 companies and 8 Chapters. 
This represents a reduction from the 1950 total cf 267, but same 
unquestionably is attributable to the large number of potential 
participants who have entered the armed forces and some who 
have been advanced prematurely within their own organizations, 
thus making them ineligible under the rules of the contest. 

The Apprentice Contest Committee of the Educational Divi- 
sion deserves a great deal of credit, beginning with the prepara- 
tion of the contest drawings, to the final judging of the entries. 


Chapter Speakers List 


As an aid to the Chapters in preparing a good technical pro- 
gram for the year’s meetings, a new speakers list is made avail- 
able each year to all Chapter representatives who attend the 
Chapter Officers Conference, and will be sent to others when 
requested. The revision of this list each year is based in a large 
part upon the Speaker Evaluation Reports received from the 
Chapters during the year, so as to avoid continued listing of 
speakers who have failed to perform acceptably at Chapter 
Meetings. New speakers of real merit are, of course, added when 
the list is being reviszd. 

Attesting to the value cf this list, it is noteworthy that only 
29 per cent cf the speakers named by the Chapter representa- 
tives as reflecting the two best they have had at their Chapter 
during the preceding year, were not included in the official 
Chapter Speakers List, as prepared by National Headquarters. 


A.F.S. Film Directory 


As a further service to the Chapters, we have again prepared 
a new and revised list of films relating to the Foundry Industry, 
which are known to be available and of probable interest for 
showing at Chapter Meetings. 

The A.F.S. colored, scund film on “The Principles cf Gating” 
which has resulted from the research project sponsored at Bat- 
telle Memorial Institute, under the direction of the Aluminum 
and Magnesium Division Research Committee, has had a total 
of 81 showings since October, 1950. Of this total, 28 were before 
Chapters, 8 at schocls, 3 before regional conferences, 8 at other 
associations, and 34 to individual company employee groups. A 
considerable number of additional requests for future showings 
are already at hand. The Technical Director personally showed 
this film before 13 Chapters, including a trip to the Southern 
and Northern California and Timberline Chapters. 

The interest in this film has been beyond expectation and 
certainly justifies the production of a new film, which it is con- 
templated will have its initial showing before the Annual Con- 
vention of the Society in Atlantic City in May, 1952. Three in- 
dividual companies have made outright purchases of copies of 
this film at a price of $400 each; one in this country and two in 
Switzerland. 

The previous black and white silent film has been shown 
before approximately 10 societies and company groups in Eng- 
land, France, Belgium and Germany and requests are continu- 
ing to be received for its use. 
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Recorded Lectures for Chapter Use 


A program has been initiated involving the preparation of 
good technical presentations on various subjects, together with 
an appropriate number of good lantern slides. These technical 
talks will be recorded orn. magnetic tape so that when a Chapter 
wishes a technical presentaticn on a given subject, we will be 
able to send them a spool of magnetic tape and the lantern 
slides. The first talk so prepared covers the developments to 
date revealed by the Brass and Bronze research sponsored by the 
Society at the University of Michigan. An initial sample presen- 
tation of this talk was made before the Chapter Officers Confer- 
ence in June, with favorable response. It is hoped that over a 
period of time we may develop a library of such technical presen- 
tations, primarily for the use of the Chapters, but also for 
student groups and individual plant gatherings. 


Other Technical Activities 


Close liaison with other technical societies continues, the 
Technical Director holding memberships in the following: 
American Society of Mechanical Engineers 
American Society for Metals 
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American Institute of Mining & Metallurgical Engineers 
American Ordnance Association 
American Society for Testing Materials 
Society of Automotive Engineers 
Scciety for Non-Destructive Testing 
Society for Advancement of Engineering Education 
At the Annual Meeting of the American Society of Mechanical 
Engineers, the writer was elected Chairman of the Metals Engi- 
neering Division for the coming year and also has continued as 
a member of the Professional Divisions Committee of ASME. 
Even though the Technical Director has continued as a mem- 
ber of the Technical Advisory Committee of the Munitions 
Board of the Armed Forces, only one meeting of this group 
has been held during the past two years and it is the writer's 
opinion that the value of this Committee is relatively little be- 
cause it has not been given an opportunity to effectively function. 
In closing, the writer wishes to express appreciation for the 
cooperation and understanding attitude of the Board of Directors 
in assisting to make our technical activities successful during the 
past fiscal year. 
Respectfully submitted, 
S. C. MASSARI 
Technical Director 
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Minutes 
Special Meeting 1950-1951 Board of Directors 


Drzke Hotel, Chicago—Friday, July 27, 1951 


President Walton L. Woody. presiding 
Vice-President Walter L. Seelbach 


Present: 


Directors: 
(Terms exp. 1951) 
T. H. Benners, Jr. 
N. J. Dunbeck 
Robert Gregg 
M. J. O’Brien, Jr. F. G. Sefing 
V E. Zang L. D. Wright 
Absent: Director J. O. Ostergren 
President Woody declared that this special meeting had been 
called strictly for the purpose of organizing the Executive Com- 
mittee in compliance with provisions of the Scciety’s By-Laws. 
He announced that it was his intention, as President, to es- 
tablish regular meetings of the Board of Directors and to hold 
meetings of the Executive Committee only in cases of emergency 
requiring immediate decision. He stated that it would not be 
the intention to screen through the Executive Committee first all 
subjects to be discussed in regular meetings of the Board. 


(Terms exp. 1952) 
T. E. Eagan 
L. C. Farquhar 
V. J. Sedlon 


(Terms exp. 1953) 
J. J. McFadyen 
F. W. Shipley 
James Thomson 
E. C. Troy 


Accordingly, he requested that the Directors vote by letter 
ballot to elect four members of the Board who would serve, 
together with the President and Vice-President Seelbach as an 
executive Committee of six members, under the By-Laws. Letter 
ballot then took place, with the result that the 1950-51 Execu- 
tive Committee was announced as follows: 

President Walton L. Woody, Chairman 
Vice-President Walter L. Seelbach 

Director and Past-President E. W. Horlebein 
Director N. J. Dunbeck 

Director F. G. Sefing 

Director V. E. Zang 

There being no further business to be considered, the meeting 
was declared adjourned. 

Respectfully submitted, 
Wn. W. MALONEY 
Secretary-Treasurer 
Approved: 
WaALton L. Woopy, President 





Minutes 
Special Meeting of 1950-1951 Executive Committee 


Drake Hotel,Chicago —Friday, July 27, 1950 


President Walton L. Woody, presiding 
Vice-President Walter L. Seelbach 


Present: 


Directors: 
Past-President and Director E. W. Horlebein 
Director N. J. Dunbeck 
Director F. G. Sefing 
Director V. E. Zang 

The By-Laws of the Society, Article X, Sections 1-9, inclusive, 
were read, describing the method by which a Nominating Com- 
mittee would be appointed and fulfill its functions for the elec- 
tion of a Vice-President and new Directors of the Society at the 
1951 A.F.S. Convention. 

The names of various candidates were selected from the list 
of candidates submitted by eligible Chapters and the following 
seven members were appointed by the Executive Committee to 
serve, together with past-Presidents E. W. Horlebein and W. B. 
Wallis, who form a Nominating Committee of nine members: 


Past-President E. W. Horlebein, Pres., Gibson & Kirk Co., 
Baltimore, Md.—Chairman 

Past-President W. B. Wallis, Pres., Pittsburgh Lectromelt Fur- 
nace Co., Pittsburgh, Pa. 

John Cauffiel, Owner, St. Clair Bronze & Aluminum Co. (Rep. 
Toledo Chapter and Brass & Bronze—Aluminum) 


C. K. Donoho, Chief Met., American Cast Iron Pipe Co., Birm- 
ingham, Ala. (Rep. Birmingham Chapter and Gray Iron- 
Steel) 

Francis T. O’Hare, Pres., Central Brass & Alum, Co., St. Louis, 
Mo. (Rep. St. Louis Chapter and Brass & Bronze-Aluminum) 

H. M. Patton, Fdry. Supt., American Hoist & Derrick Co., St. 
Paul, Minn. (Rep. Twin City Chapter and Gray Iron-Steel) 

Vaughan C. Reid, Vice-Pres., City Pattern Foundry & Machine 
Co., Detroit (Rep. Detroit Chapter and Patternmaking- 
Supplies) 

S. D. Russell, Pres., Phoenix Iron Works Co., Oakland, Calif. 
(Rep. Northern California Chapter and Gray Iron) 

George F. Watson, Asst. Chief Chem., American Brake Shoe Co., 
Mahwah, N. J. (Rep. Metropolitan Chapter and Gray Iron) 

It was announced that the date of the meeting of the Nomin- 
ating Committee would be selected by the Chairman at a later 
date and notified to the Committee personnel. 

There being no further business to be considered, the meeting 
was declared adjourned. 

Respectfully submitted, 
Wma. W. MALONEY 
Secretary-Treasurer 

Approved: 

WaLtTon L. Woopy, President 
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Minutes 
First Meeting 1950-1951 Board of Directors 


Drake Hotel, Chicago—Saturday, July 28, 1950 


President Walton L. Woody, presiding 
Vice-President Walter L. Seelbach 
Directors: 
(Terms exp. 1951) 
T. H. Benners, Jr. 
N. J. Dunbeck 
Robert Gregg 
M. J}. O’Brien, Jr. 
V. E. Zang 
E. W. Horlebein 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 


Absent: Director J. O. Ostergren 


Present: 


(Terms exp. 1953) 
J. J. McFadyen 
F. W. Shipley 
James Thomson 
E. C. Troy 


(Terms exp. 1952) 
T. E. Eagan 
L. C. Farquhar 
V. J. Sedlon 
F. G. Sefing 
L. D. Wright 


Election of Secretary- Treasurer 


At the outset, the President appointed the following Nomin- 
ating Committee of three to place in nomination the names of 
candidates for the election of Secretary and Treasurer: E. W. 
Horlebein, Chairman, T. E. Eagan, and L. C. Farquhar. The 
Committee promptly placed in nomination the name of the in- 
cumbent Secretary-Treasurer, and on motion duly made, sec- 
onded and unanimously carried, Secretary-Treasurer Wm. W. 
Maloney was declared re-elected for the fiscal year 1950-51. 


Fixing of Salaries and Compensations 


In executive session with members of the Staff excluded, the 
Board of Directors established salaries and compensations for the 
members of the National Office Staff for the year 1950-51. 


Budget of Estimated Income znd Expense 


The Treasurer then was requested to present the budget of 
estimated income and expense for the fiscal year July 1, 1950 
to June 30, 1951, inclusive, as recommended by the Finance 
Committee. President Woody announced that in setting this 
budget, the Committee had been aiming at building up a reserve 
of approximately $450,000 on hand at the end of each non- 
Exhibit year, that the Society had not yet reached this point, 
but that the goal had been kept in mind in recommending a 
budget. 

Each item of Income and Expense as recommended was pre- 
sented, discussed and various questions answered. Several actions 
then were taken, as follows: 

(a) On motion by Director Eagan, seconded by Director Troy 

and carried, the President was authorized to appoint a 
Research Committee of Board members to review requests 
of the various Committees for research funds and be pre- 
pared to make recommendations thereon to the Board of 
Directors; to establish, subject to Board approval, proce- 
dures to be followed in handling the Society's Research 
Projects; to keep in touch with research progress and to 
prepare a semi-annual report accounting for expenditures 
with recommendations as to future procedures; to be 
responsible to the Board of Directors that research work as 
financed is carried to logical and final conclusions. It 
was understood that the purpose of this Board Research 
Committee was to keep the Board more fully acquainted 
with procedures, progress, and need for ghe various A.F.S.- 
Sponsored Research Programs. 
Following discussion, on motion by Director Dunbeck, 
seconded by Vice-President Seelbach and carried, the 
budget of $33,250 for A.F.S.-sponsored research during 
1950-51 was approved. Directors Troy and Sefing dis- 
senting. 

(c) On motion by Director Zang, seconded by Director Gregg 
and carried, the Finance Committee’s budget of $115,580 
for salaries of members of the National Office Staff during 
1950-51 was approved. 

On motion by Director Shipley, seconded by Director 
Zang and carried, the budget of Estimated Income and 


Expense for 1950-51 as recommended by the Finance Com- 
mittee and as revised by the Board, was declared approved. 


Stznding and Special Committees 


The President declared that he would entertain a motion 
authorizing h:s appointment of Standing and Special Committees 
as provided in the By-Laws of the Society. Motion was made by 
Director Horlebein, seconded by Director Sedlon and carried, 
providing such authorization. 

President Woody stated that he would present to the Board 
of Directors at its next meeting the full complement of Standing 
and Special Committee, not hitherto appointed. Certain com- 
mittees, however, were dealt with as follows: 


(a) Finance Committee—To consist of President Woody, Vice- 
President Walter L. Seelbach, Director and Past-Presi- 
dent E. W. Horlebein. 

(b) National Membership Committee—Vice-President Walter 
L. Seelbach, Chairman; all Chapter Membership Com- 
mittee Chairmen to serve as members. 

(c) Chapter Contacts Committee—Vice-President Walter L. 
Seelbach, Chairman; all other members of the Board of 
Directors to serve as members, in accordance with re- 
quests of the Chairman. 

(d) Auditing Committee—Not appointed since its functions are 
adequately fulfilled by the Finance Committee. 


National Castings Council Representatives 


The President recommended, and on motion duly made, sec- 
onded and carried, the Board approved appointment of Vice- 
President Walter L. Seelbach to serve with President Woody as 
the second of two A.F.S. representatives to the National Castings 
Council. 


Recommendations of 1949-50 Board of Directors 


(a) Recommendations of the old Board covering recommenda- 
tions cf the Publications Committee were accepted by the 
new Board, on motion duly made, seconded and carried. 

(b) On motion duly made, seconded and carried, the recom- 
mendation of the 1949-50 Board, namely, that the 1952 
International Foundry Congress and Exhibit be held in 
Atlantic City, was approved. 


1951 Convention Registration Fees 


The Secretary was directed to present some of the numerous 
comments received concerning Registration Fees charged at the 
1949 and 1950 Conventions. It was pointed out that the Budget 
of Income and Expense for 1950-51 as approved, contemplated 
certain revisions from Registration Fees on the basis of a charge 
cf $2 to members and $5 to non-members. Following discussion 
was made by Director Eagan, seconded by Director Farquhar 
and unanimously carried establishing the fees of $2 and $5 for 
members and non-members respectively at the 1951 non-Exhibit 
Convention in Buffalo. 

It was pointed out that fees for the 1952 International Foundry 
Congress and Exhibit would be determined by the Board of 
Directors at a later date. The Directors requested the Staff to 
particularly publicize the fact that no Registration Fee would be 
required of anyone desiring to attend the Annual Business Meet- 
ing of the Society in 1951 at Buffalo. 


Sand Consultant—The Technical Director pointed out that 
Dr. H. Ries had been for years retained by the Society as a 
consultant to the Sand Division and requested approval of a 
certain expenditure for that purpcse in 1950-51. On motion by 
Director Wright, seconded by Director Sefing and carried, the 
recommendation was approved. 

The secretary requested Board approval for holding of the 
8th Annual Chapter Officers Conference in June 1951. Following 
discussion, motion was made, seconded and unanimously carried 
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TuaT the 1951 Chapter Officers Conference be authorized, 
with invitations extended to Chapter Officers and to Na- 
tional Directors on the same basis as in 1950. 


A.F.S. Building Project 


President Walton L. Woody reported that a plan for acquiring 
a permanent home for A.F.S. had been presented to the A.F.S. 
Alumni Group on May 11 during the Cleveland Convention. 
The plan as proposed was to raise approximately $100,000 to buy 
or build a permanent home, and thus eventually accomplish 
considerable savings from the large sums expended by the Society 
for housing the National Headquarters. 

By the time of the Chapter Officers Conference June 26-27, the 
President stated, over $15,000 in pledges had been received from 
members of the Alumni Group. Therefore, it was suggested to 
the Chapter Officers Conference that the Chapters might wish 
to support the program themselves. Full discussion was held 
and numerous questions answered, with the result that the Con- 
ference went on record as fully in favor of advancing the pro- 
gram once the project had been approved by the A.F.S. and the 
Chapter Boards of Directors. Mr. Woody had requested the 
Chapter Officers to meet with their respective Boards and to 
indicate their reactions prior to the Annual Meeting of the 
A.F.S. Board. 

He stated that by July 27, 1950 a total of over $9,000 had been 
pledged by only eight Chapters of the 40 Chapters of the Society, 
but that practically every Chapter responding since the Confer- 
ence had approved the project. He also stated that to date ap- 
proximately $30,000 had been pledged by members of the 
Alumni Group, the Chapters and a few personal contributions. 
In the Event of Board approval, appropriate committees are to 
be appointed on such phases as Solicitation, Financing and Loca- 
tion, Plans and Construction, etc., all subject to Board approval. 

President Woody stated that the question of deductibility of 
contributions for Income Tax purposes had been discussed with 
the Society's attorney, whose reply dated July 19 included the 
following paragraph: 

“It is our opinion that, so long as objects and activities 
of the Society are as at present, that is, of a scientific and 
educational nature, and if the proposed building is limited 
to use as a home for the Society, contributions by individuals 
to the fund for such a building are deductible for income 
tax purposes by the contributor.” 

After further discussion, the following resolution was made 
by Director Eagan, and seconded by Director Farquhar: 

REsoLveD that the Officers of the Society be, and they are 
hereby authorized to create a fund for the purpose of 
acquiring a property to be used exclusively as the home of 
the Society and solely for its Charter purposes. 

RESOLVED FURTHER that said fund shall be solicited from 
the membership of the Society. 

RESOLVED FURTHER that when said fund is sufficient for the 
purpose, the Officers of the Society are further hereby 
authorized, in the name of the Society, to take such steps as 
are necessary to the acquisition of said property. 

Motion was unanimously carried. 


Safety & Hygiene 


President Woody and the Secretary reported on progress to 
date in reestablishment of a strong Safety and Hygiene Com- 
mittee within the Society. It was pointed out that the Society 
had sounded out a number of large companies on the question 
of support for the project and, their responses being encourag- 
ing, the A.F.S. Safety & Hygiene Committee invited representa- 
tives of these companies to a meeting in December, 1949. The 
meeting held then recommended to the A.F.S. Board that a 
program involving the raising of $50,000 a year for five years be 
instituted, that a full-time Staff man be employed to carry on 
the project, and also outlined a series of projects for initiation. 

The A.F.S. Board at a January, 1950 meeting, approved the 
recommendation to re-establish a strong Safety & Hygiene pro- 
ject, but revised the recommendations and authorized the raising 
of $35,000 a year for a ten-year period, with employment of a 
full-time Staff member to head up the work. 

With this background sketched in, President Woody then 
stated that it was his desire for the new Board of Directors to 
re-affirm the actions of the previous Board to the end that the 
project might be initiated approximately October 1, 1950. 


TRANSACTIONS 


The Directors expressed the opinion that the name “Safety & 
Hygiene Project” should be revised to cover air pollution as well, 
and the name of “Safety & Hygiene and Air Pollution Project” 
was substituted. 

Several newer members of the Board suggested that more 
study should be made of all phases of solicitation and expense of 
such a project, and, following discussion, motion was made by 
Director Eagan, seconded by Director Troy and carried, author- 
izing the President to appoint a committee “to develop all 
phases of solicitation and operation under the name of a Safety 
& Hygiene and Air Pollution Project.” It was intended that this 
Committee shall report to the Board at its next meeting for 
finalization of the program. 


Cupola Research 


The Technical Director presented that phase of his annual 
report dealing with the Cupola Research Project, pointing out 
that the recent death of R. G. McElwee, Chairman of the Project 
since 1943, called for re-alignment of cupola research activities, 
especially to the end that closer control be established over ex- 
penditures and evaluation of results. He therefore recommended 
that a full-time research worker be dispensed with on completion 
of certain work now in process, that future work on cupola re- 
search be carfied on at some institution in the same manner as 
other A.F.S.-sponsored research project, and that if the Board 
so desire, additional funds be raised by some accepted method 
which would make possible continuation of the work. In the 
meantime, he recommended that the Cupola Research Commit- 
tee determine, for recommendations to the next meeting of the 
Board of Directors, an evaluation of its work to date and 
recommendations for the future. 

On motion made, seconded and carried, the Board voted to 
accept the recommendations of the Technical Director on cupola 
research. 

Director Eagan stated that there was a need for a committee 
of the Board to develop procedures and evaluate results to date, 
as in the case of other research projects. He therefore moved 
that the present Cupola Research Committee be expanded 
through appointments by the President and that this committee 
be requested to report to the Board at its next meeting on the 
scale and basis of operation for future cupola research activities. 
Motion was seconded and carried. 

Without vote, the Board suggested that the Annual Report of 
the Technical Director be forwarded to all Company and Sus- 
taining members, being analyzed in advance for possible revision. 


Approval of Resolutions 


The Secretary requested Board approval of the following reso- 
lutions required for conducting financial and various other 
affairs of the Society, and on motions duly made, seconded and 
carried, the resolutions were approved as follows: 

(a) Resotvep that resolutions required by the Harris Trust 

& Savings Bank of Chicago, authorizing the withdrawal of 
funds, are hereby approved and the Secretary authorized 
to certify thereto. 
Resotvep that checks for the withdrawal of funds depos- 
ited in the name of the Society with depository banks, 
including all General Checking accounts and Interest 
Savings Accounts, and for the withdrawal of all securities 
held in the various funds of the Society by the Trust 
Department of the Harris Trust & Savings Bank of Chi- 
cago, shall require the signatures of any two of the fol- 
lowing Officers: President, Vice-President, Secretary- 
Treasurer, Technical Director. 

(c) RrsoLvep that the Secretary be authorized to rent a safety 

deposit box at the Harris Trust & Savings Bank of Chicago 
for the safé-keeping of Society securities, and that any two 
of the following have authority to obtain access to such 
safety box: President, Vice-President, Secretary-Treasurer, 
Technical Director. 
ReEsotvep that resolutions required by the Royal Bank of 
Canada, Montreal, Quebec, and by its subsidiary banks at 
Toronto, Ontario and Vancouver, B. C., establishing 
checking accounts in the name of the Society and author- 
izing the withdrawal of funds therefrom, are hereby ap- 
proved and the Secretary authorized to certify thereto. 

(e) Resotvep that the Treasurers of the Eastern Canada, 
Ontario and British Columbia Chapters of the Society are 
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authorized to make deposits, in the Royal Bank of Canada 
and its subsidiary banks, of funds received from Canadian 
members in payment solely of membership dues in the 
Society, and the Secretary is authorized to make all neces- 
sary accounting arrangements. 

Reso.vep that checks for the withdrawal of funds depos- 
ited in the name of the Scciety with Canadian depository 
banks, shall require the signatures of any two of the fol- 
lowing Officers: President, Vice-President, Secretary- 
Treasurer, Technical Director. 

Reso.vep that the Treasurers of the Eastern Canada, On- 
tario and British Columbia Chapters of the Society shall 
each give evidence to the Secretary of the existence of 
Indemnity Bonds covering each of them individually and 
separately, in amounts deemed satisfactory to the Society, 
premiums thereon to be paid by the respective Chapters. 
Resotvep that the present Blanket Indemnity Bond be 
renewed covering all Staff members for Five Thousand 
Dollars ($5,000.00), expect that the Indemnity Bonds be 
purchased covering the Secretary-Treasurer and Technical 
Director for Fifty Thousand Dollars ($50,000.00) each, 
premiums to be paid by the Society. 


RESOLVED that the Secretary be authorized to execute all 
contracis for the administration of Society affairs, subject 
to specific approval by the Board of Directors. In the case 
of A.F.S.-sponsored research projects, approval of the pro- 
ject by the Board of Directors includes the authority for 
the Secretary to execute contracts for performance of such 
projects on a bid basis. 
REsoLvep that the Secretary be authorized to reimburse 
traveling expenses for members in attendance at any regu- 
larly called Board of Directors, Executive Committee, or 
Technical Committee meeting, with the following excep- 
tions: No expenses shall be paid to Directors or Com- 
mittee members for attendance at meetings held during 
the week of the Annual Convention of the Society, unless 
specifically authorized by the Board of Directors. When 
meetings are held in conjunction with other committees of 
asscciations, the Secretary is authorized to determine what 
portion of the expense of such attendance shall be paid by 
the Society. 

(k) Resotvep that the Secretary be authorized to negotiate the 
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compensations of necessary Staff employees below $3,600.00 
per year, and that Finance Committee approval be re- 
quired on all compensations of $3,600.00 per year or more. 


1951 Nominating Committee 


For the information of the Board, President Woody reported 
that the Executive Committee, in special session the afternoon 
of July 27, had appointed seven members of the Society to serve 
with the two immediate past-Presidents to form the 1951 Nomin- 
ating Committee, as follows: 


Past-President E. W. Horlebein, Pres, Gibson & Kirk Co., 
Baltimore, Md.—Chairman 

Past-President W. B. Wallis, Pres., Pittsburgh Lectromelt Fur- 

nace Co., Pittsburgh, Pa. 

John Cauffiel, Owner, St. Clair Bronze & Aluminum Co. (Rep. 
Toledo Chapter and Brass & Bronze-Aluminum) 

C. K. Donoho, Chief Met., American Cast Iron Pipe Co., Birm- 
ingham, Ala. (Rep. Birmingham Chapter and Gray Iron- 
Steel) 

Francis T. O’Hare, Pres., Central Brass & Aluminum Co., St. 
Louis, Mo. (Rep. St. Louis Chapter and Brass & Bronze- 
Aluminum) 

H. M. Patton, Fdy. Supt., American Hoist & Derrick Co., St. 
“Paul, Minn. (Rep. Twin City Chapter and Gray Iron-Steel) 

Vaughan C. Reid, Vice-Pres., City Pattern Foundry & Machine 
Co., Detroit (Rep. Detroit Chapter and Patternmaking- 
Supplies) 

S. D. Russell, Pres., Phoenix Iron Works Co., Oakland, Calif. 
(Rep. Northern California Chapter and Gray Iron) 

George F. Watson, Asst. Chief Chem., American Brake Shoe Co., 
Mahwah, N. J. (Rep. Metropolitan Chapter and Gray Iron) 


President Woody announced that the next meeting of the 
Board of Directors would be held in White Sulphur Springs, 
West Virginia, at The Greenbrier, on the dates of Saturday and 
Sunday, September 30 and October 1, respectively. 

There being no further business to come before the Board, 
the meeting was declared adjourned. 

Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 
Approved: 
Watton L. Woopy, President 





Minutes 
Meeting of the A. F.S. Board of Directors 


White Sulphur Springs, West Va.—September 30, 1950 


President Walton L. Woody, presiding 
Vice-President Walter L. Seelbach 


Present: 


Directors: 
(Terms exp. 1951) 
Robert Gregg 
E. W. Horlebein 
Victor E. Zang 


(Terms exp. 1952) 
T. E. Eagan 
L. C. Farquhar. 
V. J. Sedlon 
F. G. Sefing 


(Terms exp. 1953) 
J. J. McFadyen 
Frank W. Shipley 
James Thomson 
E. C. Troy 


Secretary-Treasurer Wm. W. Maloney 
Absent: Directors T. H. Benners, Jr.; N. J. Dunbeck; M. J. 
O’Brien, Jr.; J. O. Ostergren; L. D. Wright. 

Reading of Minutes—A quorum of the Board having been 
established, the Minutes of the July 28 meeting of the Board of 
Directors were read in full and, on motion duly made, seconded 
and carried, accepted. 


Membership 


The Secretary reported that the membership in the Society on 
August 31, 1950, was 8887, representing a net loss of 159 from 
the total of 9046 members on June 30. Total circulation of 
\MERICAN FOUNDRYMAN on August 31 was 9253. The Secretary 


called attention to the need for strong membership activities by 
the Chapters so as to overcome the losses of the past twelve 
months. He suggested that the Society should shoot at a mark of 
10,000 members by June 30, 1951, and the Board, without mo- 
tion, approved this suggestion. 

A number of suggestions then were made by the Directors for 
more aggressive membership work. The secretary was requested 
to give each Director a history of Chapter memberships for June 
30, 1949 and 1948. It was also suggested that the Chapters be 
notified of the free distribution of AMERICAN FOUNDRYMAN to 
selected foundries for follow-up purposes. The Directors were 
asked to concentrate on the importance of membership work on 
all Chapter visits. 


Report on Finances 


The Treasurer reported on finances of the Society as of 
August $1, 1950. He stated that Income for the first two months 
of the current fiscal year totaled $146,241.09, or 33 per cent of 
the year’s budget of $442,730. He reported that expenses for 
the same period totaled $99,942.86, showing an excess income of 
$46,298.23 for the months of July and August. 

On motion made, seconded and carried the report of the 
Treasurer was approved. 
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A.F.S. Building Project 


The Secretary reported that contributions and pledges to the 
Building Fund as of September 25 totaled approximately $35,000, 
of which some 50 per cent represented the pledges of individual 
members. 

President Woody then requested authorization to appoint an 
Alumni Committee on finances and location, and this authoriza- 
tion was given on motion duly made, seconded and carried. 


Safety & Hygiene 


President Woody asked Vice-President Seelbach, as Chairman 
of the Safety & Hygiene Committee of the Board, to present the 
recommendations of his Committee for financing the A.F:S. 
Program. Chairman Seelbach stated that his Committee believes 
it highly essential that A.F.S. issue a statement on the scope of 
its safety and hygiene and air pollution work. The following 
recommendation was presented for approval: 

It is the recommendaticn of this Committee that the 
Safety and Hygiene.and Air Pollution Program of A.F.S. 
be devoted to research and the accumulation of engi- 
neering data for the development of recommended prac- 
tices in the field of Foundry Safety, Hygiene and Air 
Pollution. 

On moticn duly made, seconded and carried the Committee's 
recommendation was approved as a statement of A.F.S. policy. 

Chairman Seelbach then stated that his Committee had con- 
sidered a number of suggestions for solicitation of Safety & 
Hygiene Funds, and recommended the following basis of solici- 
tation: 

Per Year 
(1) Ferrous foundries, 4¢ per ton per year 
(2) Nonferrous foundries, 14¢ per ton per year .... 
(c) Equipment and supplies firms, 50¢ per 
31,000.00 foundry sales per year 


Tora, — $37,400 
Considerable discussion followed, including the suggestion that a 
minimum of approximately $10.00 per Company per year be 
established in soliciting funds. 

It was also felt that the funds for the Program should be 
solicited on the basis of a lump sum of at least $350,000 for a 
maximum period of ten years, contributions to be payable in 
one, two or three years. 

In final analysis and without vote, it was understood that the 
Board Committee on Safety & Hygiene (Chairman Walter L. 
eelbach, F. W. Shipley and James Thomson) would be respon- 
sible for setting up and administering the final basis for solici- 
tation. 

The Minutes of the Safety & Hygiene Committee meeting held 
December 9, 1949, were read in full, and it was suggested that 
these Minutes should accompany any material of solicitation. It 
was also understood that the Board’s statement on the scope of 
the program should accompany any solicitation. 

President Woody emphasized the importance of obtaining the 
support of the various members of trade asszciations and read 
a letter he propcsed to send to those various groups. On motion 
by Director Horlebein, seconded by Vice-President Seelbach and 
carried, the President was authorized to present the suggested 
letter to all members of the Naticnal Castings Council, accom- 
panied by (a) Minutes of Safety & Hygiene meeting of December 
9, 1949, (b) Minutes of A.F.S. Board meeting of January 1950, 
and (c) September 1950 recommendations of Safety & Hygiene 
Committee of A.F.S. Board. 


Board Research Committee 


The President announced that the Chairman of the Board 
Research Committee, Director Dunbeck, had found it impossible 
to be present and that no report of this Committee could be 
made at the time. 


Cupola Research Program 


The Secretary stated that the Cupola Research Committee met 
in Chicago in September but was unable to agree on a recom- 
mendation to the Board. He reported that the Cupola Research 
worker, Mr. Giszczak, would prepare a complete progress report 
on Cupola Research activities prior to November 1, together 
with personal recommendations as to future Committee work. 


‘TRANSACTIONS 


The Cupola Research Committee then expects to review the re- 
port and recommend to the Board future activities of the project. 

Without vote the President tabled further discussion on 
Cupola Research to the next meeting of the Board of Directors, 
in January. 

Report on President’s Western Chapter Visits—President 
Woody reported briefly on visits with officers and directors of 
the Five Pacific Coast Chapters and expressed the opinion that 
the Chapters were all active and interested in advancing the 
Society and the local Foundry Industry. 


Status of Members Entering Armed Forces 


The Secretary presented for discussion the question of the 
status of members entering the Armed Services and pointed out 
that, at the beginning of World War II, the A.F.S. Board had 
voted to waive “for duration” the dues of such members called 
into active service. On motion duly made, seconded and carried, 
the Board declared that the dues of members entering the 
Armed Services hereafter would be waived on the same basis as 
in World War II, and the Secretary was instructed to publicize 
this action at the earliest possible date. 


Gray Iron Division Research 


The Secretary read a letter from Technical Director Massari, 
reporting on the activities of the Gray Iron Division Research 
Committee to date and recommending that the Board approve 
continuation of the current research of Gating and Risering of 
Gray Iron Casings for one year. The Secretary pointed out that 
the funds for continuing the project were in the budget for 
1950-1951, approved by the Board of Directors July 28. 

On motion by Director Horlebein, seconded by Director Sefing 
and carried, the Gray Iron Research Project was approved for 
another year with the recommendation that any future requests 
for research project approvals be first submitted to the Board 
Research Committee for recommendations. 


Board Policy 


Director Sefing requested that the work of setting down defi- 
nite Board Policies be further advanced by listing major A.F.S. 
problems for study to the end of formulating policies subject to 
Board approval. It was agreed that Vice-President Seelbach 
should be added to the Board Policy Steering Committee for 
purposes of continuity, and President Woody also requested 
that Director Sefing be added to the Committee. Director Horle- 
bein agreed to serve as Chairman during 1950-1951. The other 
members of the Committee, as previously, to be President Woody 
and Director Dunbeck. 


Appointment of Committees 


The following Committees of the Board were announced by 
President Woody: 

National Membership Committee 

Chairman W. L. Seelbach 

All Chapter Membership Chairmen also serving 
Chapter Contacts Committee 

Chairman W. L. Seelbach 

All A.F.S. Directors also serving 
By-Laws Committee 

Chairman H. Bornstein 

N. J. Dunbeck 

F. W. Shipley 

L. C. Wilson 

J. A. Wotherspoon 

D. C. Zupge 

Secretary Wm. W. Maloney, ex officio 
Annual Lecture Committee 

Chairman Gosta Vennerholm 

H. Bornstein 

C. F. Joseph 

Fred J. Walls 

R. E. Ward 
International Relations Committee 

(Still to be appointed in expanded form) 
Auditing Committee 

(Not appointed) 
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Publications Committee 
Chairman H. M. St. John 
C. H. Lorig 
W. D. McMillan 
H. J. Rowe 
Fred J. Walls 
Finance Committee 
Chairman Walton L. Woody 
E. W. Horlebein 
Walter L. Seelbach 
Research Committee 
Chairman N. J. Dunbeck 
L. C. Farquhar 
V. E. Zang 
Board Safety & Hygiene & Air Pollution Committee 
Chairman W. L. Seelbach 
F. W. Shipley 
James Thomson 


Board Policy Steering Committee 
Chairman E,. W. Horlebein 
Walton L. Woody 
Walter L. Seelbach 
N. J. Dunbeck 
F. G. Sefing 
Executive Committee (as elected by the Board) 
President Walton L. Woody, Chairman 
Vice-President W. L. Seelbach 
E. W. Horlebein 
N. J. Dunbeck 
F. G. Sefing 
V. E. Zang 
The President directed the Secretary to suggest promptly a 
date for the next meeting of the Board of Directors in January. 
There being no further business to come before the Board, 
the meeting was declared adjourned. 
Respectfully submitted, 
Wma. W. MALONEY 
Secretary-Treasurer 
Approved: 
Watton L. Woopy, President 





Minutes 
Meeting of the A. F.S. Board of Directors 


Blackstone Hotel, Chicago, Ill—January 25-26, 1951 


Present: President Walton L. Woody, presiding 

Vice-President Walter L. Seelbach 

Directors: 

(Terms exp. 1951) 

T. H. Benners, Jr. 
N. J. Dunbeck 
Robert Gregg 
E. W. Horlebein 
M. J. O’Brien, Jr. 
Victor E. Zang 


(Terms exp. 1952) 
T. E. Eagan 
L. C. Farquhar 
V. J. Sedlon 
F. G. Sefing 
L. D. Wright 


(Terms exp. 1953) 
J. J. McFadyen 
Frank W. Shipley 
James Thomson 


Secretary-Treasurer Wm. W. Maloney 
Technical Director S$. C. Massari. 
Absent: Directors J. O. Ostergren and E. C. Troy 
Reading of Minutes—A quorum of the Board having been 
established, the Minutes of the September 30, 1950, meeting of 
the Board of Directors were read in full, and on motion duly 
made, second and carried, accepted. 


Report of. the Secretary 


(a) Membership—The Secretary reported that membership in 
the Scciety as of December 31, 1950, was 9089, representing a net 
gain of 43 over the total of 9046 members on June 30, 1950. He 
reported a net loss of members during the month of July, 
August and September, but a net gain during the months of 
October, November, and December. It was indicated that all 
Chapters have been urged to devote considerable time to mem- 
bership matters in the hopes of bringing the total of 10,000 
members by June 30, 1951. 

The Secretary also stated that a list of Company and Sustain- 
ing members resigned during 1949 had been furnished the Chap- 
ters along with the suggestion that the list be solicited for 
reinstatement. 

(b) Chap'ers—The Secretary stated that no new Chapters, 
regular or Student, were organized during the period July 1- 
December 31, 1950, but that a new Student Chapter is in forma- 
tion at Northwestern University, Evanston, IIl., with several 
other colleges and universities expressing an interest in similar 
groups. 

(c) 1951 Convention—The Secretary reported on progress of 
the 1951 Convention scheduled at Buffalo, N. Y., April 23-26, and 
commented on various phases of the program. He stated that the 
Western New York Chapter was cooperating closzly with the 
National Office Staff in the matter of local Convention C-mmit- 
tees and that applications for hotel accommodations had been 
mailed to the entire membership January 12. 


(d) Defense Service—The Secretary recommended that a com- 
mittee of the Board be appointed to meet with the Staff at an 
early date to study and develop future defense service activities 
of the Society. While no action was taken, Board discussion indi- 
cated active interest in the subject. 

The Report of the Secretary on motion duly made, seconded 
and carried was accepted and is made a part of these Minutes. 


Report of the Treasurer 


The Treasurer reported that Income for the first six months 
of the current fiscal year, July 1-December 31, 1950, totaled 
$245,441.28, and that Expense totaled $210,546.74, against a 
budget of $442,730 for the fiscal year. Income and Expense 
Statement presented showed that the Income to December 31 
exceeded forecast by some $15,000, that Expense was some 
$8,000 below the forecast, and that Excess Income earned for the 
period was $34,894.54, against a forecast of $11,873.50. Indi- 
vidual items of the Income and Expense budget were examined 
in detail] with no recommendations resulting. 

Tie Treasurer’s Report called attention to a balance of $192,- 
574.53 cash as of December 31, 1950, including $18,103.34 held in 
three Canadian banks of deposit. It was pointed out that this 
amount of cash was in excess of cash requirements for the 
period January 1, 1951, to December 31, 1951, following which 
date exhibit space rentals could be expected from the 1952 
International Foundry Congress. 

Individual items of the Balance Sheet were then examined, 
with no recommendations resulting. 

The Treasurer also presented an Operational Form of state- 
ment for the first six months of the current fiscal year, showing 
an actual Excess Income of $33,549.22, against a previous fore- 
cast cf $456.89 Excess Expense. Accordingly, it was concluded 
that the Society’s finances as of December 31, 1950, were pro- 
ceeding as expected for a non-exhibit year, with Income slightly 
exceeding estimates, Expense running somewhat below esti- 
mates, and controllable items of Expense under control. 

In addition, the Treasurer presented for the record a state- 
ment of Publications Sales for the six months ending December 
31, 1950, a statement of Official Travel and Expense, and a de- 
tailed breakdown of Acct. 27.1 Board and Executive Committee 
Travel and Expense, prepared at the request of the President, 
and also a statement of Income and Expense as of November 
30, 1950. 

The Report of the Treasurer on motion duly made, seconded 
and carried was accepted and is made a part of these Minutes. 





Report of the Technical Director 


The Technical Director presented a complete report cover- 
ing activities of technical committees, A.F.S. research, the 1951 
Convention program, publications, the annual apprentice con- 
tests and other activities. The report detailed progress on the 
nine research projects of the Society without recommendations. 

The Technical Director stated that the Program and Papers 
Committees of the various divisions and General Interest Com- 
mittees were carrying out their assigned jobs for presentation of 
an excellent program. at the 1951 Convention. This program in- 
cluded an all-day session on Tuesday, April 24, for a Symposium 
on Gating and Risering of Castings, jointly sponsored by five 
of the Society's technical divisions. 

It was pointed out that a total of 125 entries had been received 
(as of Jan. 25) in the 1951 apprentice contests, including 44 in 
gray iron molding, one in steel molding, four in non-ferrous 
molding, and 58 in patternmaking. The Technical Director 
stated that national apprentice awards would be made at the 
time of the Annual Business Meeting in Buffalo on April 25 
and that first-prize winners in each of the contests would be 
brought to the Convention by A.F.S. to receive such awards in 
person. 

The Technical Director announced publication and distribu- 
tion of the 1950 annual Transactions (vol. 58) comprising 760 
pages. In the matter of special publications, it was pointed out 
that three publications had been completed, three were in the 
final stage, and three still to be completed. 

The Report of the Technical Director on motion duly made, 
seconded and carried was accepted and is made a part of these 
Minutes. 


Recommendations of the Finance Committee 


Minutes of the meeting of the Finance Committee held Janu- 
ary 12, 1951, were read in full and on motion of Director Far- 
quhar, seconded by Director Eagan, and carried, were accepted 
for the record. 

Considerable discussion arose over the recommendation of the 
Finance Committee that some $110,000 of General Fund cash as 
of December 31, 1950, be invested only in U. S. Government 
Bonds and that existing cash in the A.F.S. Building Fund be 
similarly invested. Some Directors suggested the advisability of 
purchasing preferred stccks and non-speculative common stocks 
as a safeguard against future inflation and consequent further 
depreciation of the dollar. 

Members of the Finance Committee expressed the view that 
they were unanimously disinclined to risk Society funds in view 
of the present high market for industrial stocks, and that they 
were unanimously disinclined to recommend the purchase and 
resale of stocks as a revenue producing action. It was the con- 
census that future investments of Society funds be made a matter 
of Board policy, following full discussion by an appointive Board 
Policy Committee. On motion by Director Eagan, seconded by 
Director O’Brien, and unanimously carried, the Board accepted 
the recommendation of the Finance Committee that for the 
time being surplus General Fund and Building Fund Cash be 
invested only in U. S$. Government Bonds. 


Report on American Foundryman 


The Secretary presented a detailed report on the AMERICAN 
FOUNDRYMAN magazine, showing a gross billing of $51,583 for the 
six months ending December 31, 1950, an increase of $4,955.77 
over gross billing of $46,627.23 for the same period in 1949-50. 
The report stated that since the appointment of advertising 
representatives in March 1950, greater representation and con- 
stant contacts with advertisers and agencies had materially im- 
proved the advertising outlook, with over 415 pages of advertis- 
ing under contract as of December 31, 1950, compared with a 
total cf 425 pages run during the entire fiscal year 1949-50. 

The Secretary reported that in keeping with the advertising 
policy voted by the Board of Directors, numerous steps had 
been taken to supplement the efforts of advertising representa- 
tives. He reported that the January 1951 and February 1951 
issues would exceed any normal or non-Convention issues pub- 
lished since advertising was first accepted in May 1945, and he 
therefore recommended continuation of present advertising rep- 
resentation for the time being. 

The report included a comparison of advertising rates in 
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foundry publications, 1945-1951, and expressed the thought that 
in view of the probability of increasing production costs during 
the next several years, consideration should be given the matter 
of advertising rates. Accordingly, the Secretary recommended 
that the basic black-and-white single-time page rate for adver- 
tising in AMERICAN FouNpRYMAN be increased from the present 
$250 to $280, effective July 1, 1951, with adequate protection pro- 
vided advertisers of record on that date. On motion by Director 
Horlebein, seconded by Director Shipley, and unanimously car- 
ried, the recommendation was approved. 

At the same time the President suggested that advertising 
rates again be reviewed at the meeting of the Finance Committee 
to be held in June or July 1951 for budget-making purposes. 
The report on AMERICAN FOUNDRYMAN advertising is made a 
part of these Minutes. 


Report on National Castings Council 


Director Horlebein, as President of the National Castings Coun- 
cil, was asked to report on activities of the Council prior to his 
early departure from the Board meeting. President Horlebein 
stated that no meeting of the Council had been held during the 
current fiscal year, the next meeting being scheduled in Cleve- 
land on February 2, 1951, and that a report would be presented 
on that meeting at a later date. 


Report of Research Committee of the Board 


Director Dunbeck, as Chairman of the Research Committee of 
the Board, presented the minutes of a meeting of his Committee 
held November 6, 1950. These minutes, previously placed in 
the hands of all members of the Board of Directors, embodied as 
“Recommendations” certain understandings of the Research 
Committee with regard to its functions and accepted obligations. 
No action was taken by the Board on these specific “Recom- 
mendations,” but it was the consensus that they represented a 
proper understanding of the Board’s desires. 

Chairman Dunbeck called attention to the Board resolution 
of june 26, 1946, and stated that that resolution, in the opinion 
of his Committee, provided “sufficient protection for the concep- 
tion, planning, direction, and reporting of A.F.S. divisional pro- 
jects.” During ensuing discussion the several members of the 
Board clarified to the apparent satisfaction of all that so long as 
future research projects were under the joint direction of the 
Technical Director and the various divisional research com- 
mittees, and subject to review by the Research Committee of the 
Beard, the interests of the Society would be protected. 

On motion by Director Shipley, seconded by Director O’Brien 
and carried, the minutes of November 6, 1950, meeting of the 
Research Committee of the Board were accepted. 


Report of Safety & Hygiene & Air Pollution Committee 
of the Board 


Vice-President Seelbach, as Chairman of the Safety & Hygiene 
& Air Pollution Committee of the Board, stated that his Com- 
mittee had held no meetings since the last meeting following 
the September 30, 1950, meeting of the Board, and that little 
progress had been made in establishing the program since that 
date for certain acceptable reasons. He then presented a sug- 
gested timetable of activity for establishing the Society’s Safety 
& Hygiene & Air Pollution Program during the year 1951. 

Considerable discussion ensued on whether the timetable 
should call for solicitation of funds prior to the hiring of a staff 
program director. President Woody urged that the program be 
gotten under way during the current fiscal year, and after full 
discussion motion was made by Director Farquhar, seconded by 
Director Dunbeck and unanimously carried. 

Tuat the A.F.S. Secretary and the Safety & Hygiene & Air 
Pollution Committee be authorized to take such steps as 
may be necessary to activate the program with General 
Funds of the Society, to a maximum use of $20,000, such 
sums expended to be re-imbursed from funds solicited and 
obtained for the Safety & Hygiene & Air Pollution Program 
at a later date. 

(Following the Board meeting, Chairman Seelbach’s Committee 
met and revised the timetable’ of activity in view of the above 
motion. Minutes cf this meeting are appended and are made a 
part of the Board Minutes.) 
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Report of Chapter Contacts Committee 


Vice-President Seelbach, as Chairman of the Chapter Contacts 
Committee, reported that Officers and Directors of the Society 
thus far have visited 25 of the regular Chapters and that addi- 
tional visits were being scheduled to all except the Mexico 
Chapter during the balance of the current fiscal year. The 
Secretary reported that in addition members of the Staff have 
visited 17 Chapters and also were planning on additional visits 
between now (Jan. 25) and June. 

Chairman Seelbach thanked the Directors in their interests 
and the time devoted to maintaining closer relations with the 
Chapters and requested all to complete their visits to those 
Chapters which they had agreed to contact. The Secretary asked 
that all give particular attention to the matter of membership 
promotion in their visits toward the end of materially increasing 
the membership during the next five months. It was agreed 
that the Secretary would prepare and provide each Director 
with a list of past and future Chapter visitations as a matter of 
record and reminder. 


Report of the Board Policy Steering Committee 


Minutes of the meeting of the Board Policy Steering Com- 
mittee held January 12, 1951, were read and it was announced 
that the Committee again would meet on February 2 in Cleve- 
land fur a discussion of specific subjects. Director Horlebein, as 
Chairman of the Committee stated that sub-committees would 
be appointed to develop policies on the following subjects: 
Membership and Chapter Policy, Technical Policy, Educational 
Policy, Convention and Exhibit Policy, and Administrative Pol- 
icy; Policy on AMERICAN FOUNDRYMAN and publications to be 
developed by the Publications Committee; Financial Policy to 
be developed by the Finance Committee. 

During the discussion that followed it was the concensus of 
the Board that as policies are developed and approved by the 
Board, it must be understood that such policies shall be adhered 
to until such time as a revision thereof is approved by the 
Board of Directors. 


Report on A.F.S. Building Fund 


Past President R. J. Teetor, as Chairman of the A.F.S. Housing 
Committee, was invited to personally present his report at thé 
meeting on January 26, and announced that over $72,000 had 
been contributed as of that date. He reported or results ob- 
tained from solicitation by 16 members of the Housing Commit- 
tee and stated that this Committee would enlarge its list of 
prospects during the coming menths, as well as following up on 
the original list of 200 company names provided. He suggested 
that an early meeting of the Housing Committee might be 
advisable to review the Program in the interest of further 
progress, and offered the thought that a smaller Committee 
might prove advisable. 

During the discussion that followed, it was felt that a number 
of prospects might be reached during the 1951 Convention in 
Buffalo. It was agreed without vote that general industry-wide 
solicitation for the Building Fund should end May 1 in order 
that the Program might not drag out and in order to make way 
for solicitation of funds for the Safety & Hygiene & Air Pollution 
Program in the early Fall. The Chairman and the Secretary 
both were urged to seek a large volume of small contributions 
from a larger number of contributors, rather than to seek very 
substantial amounts from a few. 


Recommendations of Board of Awards 


Minutes of the meeting of the Board of Awards held Decem- 
ber 14, 1950, were read in full and on motions duly made, 
seconded and carried, the following award recommendations were 
approved by the Board cf Directors: 

(a) Tuat the Peter L. Simpson Gold Medal of A.F.S. be 
awarded to Thomas W. Curry, Lynchburg Foundry Co., 
Lynchburg, Va., “For his outstanding work and contribu- 
tions in the field of sand technology in the foundry in- 
dustry.” ' 

(b) THat the John A. Penton Gold Medal of A.F.S. be 
awarded to Victor A. Crosby, Climax Molybdenum Co., 
Detroit, Mich., “For outstanding service to the Society 
and for his contributions to the dissemination of informa- 
tion relating to ferrous foundry metallurgy.” 
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(c) THat the John H. Whiting Gold Medal of A.F.S. be 
awarded to Alfred Boyles, United States Pipe & Foundry 
Co., Burlington, . J., “For fundamental studies on the 
mechanism of graphitization of gray cast iron.” 
Tuat Honorary Life Membership be awarded to E W. 
Beach (retired) formerly of Campbell, Wyant & Cannon 
Foundry Co., Muskegon, Mich., “For outstanding contribu- 
tions to the Society and to the industry in the field of 
foundry engineering.” 

(e) THat Honorary Life Membership be awarded to E. J. 

McAfee, Puget Sound Naval Shipyard, Bremerton, Wash., 
“For outstanding service to the Society and to the foundry 
industry in the development of pattern-making materials 
and applications.” 

Some dissatisfaction was expressed by the Board over that 
part of the Board minutes involving a recommendation to the 
next Board of Awards for certain types of recognition. Accord- 
ingly motion was made by Director Eagan, seconded by Director 
Sefing and carried that the Board of Directors desires to go on 
record with the Board of Awards that it does not believe it a 
good policy for one Board of Awards to make recommendations 
to a future similar body. 


Report of the 1950-51 Nominating Committee 


For information only, the report of the 1950-51 Nominating 
Committee, which requires no approval by the Board of Direc- 
tors under the by-laws, was presented, naming the following 
nominees: 
For President to serve one year 
Walter L. Seelbach 

For Vice-President to serve one year 
I. R. Wagner, Director 
Electric Steel Castings Co., Indianapolis, Ind. 

For Directors—each to serve three years 
M. J. O’Brien, Wks. Mgr., Symington-Gould Corp., DePew, 
N. Y.—representing Steel and Western New York (for re- 
election) 
H. W. Dietert, Pres., H. W. Dietert Co., Detroit—representing 
Suppliers and Michigan 
A. L. Hunt, Wks. Mgr., National Bearing Div., American 
Brake Shoe Co., St. Louis—representing Non-Ferrous and 
Missouri 
Dr. J. T. MacKenzie, Technical Dir., American Cast Iron 
Pipe Co., Birmingham, Ala.—representing Gray Iron-Steel 
and South. 
A. M. Ondreyco, Plant Mgr., Vulcan Foundry Co., Oakland, 
Calif.—representing Gray Iron and Pacific Coast 

For Director to serve one year 
President Walton L. Woody on completion of his present 
term of office as prescribed in the A.F.S. by laws. 


Future Convention Cities 


The Secretary requested discussion on the selection of Conven- 
tion cities for future years beyond 1952, stating that it was his 
recommendation that a decision be reached on the 1953 Con- 
vention city. He reported the interest of Eastern Canada and 
Texas Chapters in 1951 and stated that an official invitation 
from the Chicago Chapter had likewise been received. 

Some discussion ensued on the advisability of holding non- 
exhibit Conventions in cities other than major foundry indus- 
trial centers. It was pointed out that a Chicago Convention 
probably would be an economical event and that it was desirable 
to obtain hotel guarantees for 1953 at the earliest possible date. 

Future Board Meeting—President Woody stated that he did 
not feel it necessary to hold another Board meeting prior to the 
Buffalo Convention, April 23-26, but stated his intention of 
calling a meeting of the Executive Committee during the Con- 
vention on Tuesday, April 24. It was stated that a meeting of 
the Board of Directors might be called early in June and that 
Directors would be notified well in advance of such an event. 

There being no further business to be presented, the meeting 
was declared adjourned. 

Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 
Approved: 
Watton L. Woopy, President 








XXXii 


TRANSACTIONS 


Minutes 
Meeting of the Executive Committee 


Hotel Statler, Buffalo, N. Y.—April 24, 1951 


Present: President Walton L. Woody, presiding 
Vice-President Walter L. Seelbach 
Directors: N. J. Dunbeck 
E. W. Horlebein 
F. G. Sefing 
V. E. Zang 
Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 

The Minutes of the meeting of the Board of Directors of 
Januggy 25-26, 1951, were read in excerpt and accepted, having 
previously been approved by Letter Ballot of the Board of 
Directors. 

President Woody again emphasized the desirability of greater 
guidance by the Board of Directors and National Office in the 
organizing and staging of regional ccnferences by the Chapters. 
The Technical Director described the development of tape- 
recorded programs by the Staff, which can be used to provide 
emergency programs when speakers cancel at the last minute, 
and which can bring to the Chapters a practical and short pre- 
sentation cf Convention papers. 

The Secretary stated that, in line with the President’s sugges- 
tion, the Staff had proposed to the Northern California Chapter 
the organizing of a regional conference in Oakland next January, 
and had proposed to the Quad City Chapter the reinstatement 
of the Quad City Regional Conference this Fall. In each case, 
it is intended that the National Office will play a considerable 
part in the organization and handling of the programs. 

The Executive Committee approved this step, and on motion 
by Director Horlebein, seconded by Director Sefing and carried, 
recommended that the National Office be authorized to work 
with the Chapters in organizing regional conferences in 1951- 
52, and that the proposal be presented at the 1951 Chapter Offi- 
cers Conference, so as to obtain full approval by the Chapters. 

In connection with the development of tape-recorded pro- 
grams and similar material, President Woody expressed the 
thought that several thousand dollars should be set up for ex- 
penditures of this type without the requirement for formal 
Board action. On motion by Director Horlebein, seconded by 
Vice-President Seelbach and carried, the purchase of tape- 


recording equipment and the arrangement of tape-recorded pro- 
grams was approved and recommended for Board action at the 
July Board meeting. 

The Secretary presented a Report on Membership as of Marck 
31, 1951, and emphasized the point that, as included in the 1950- 
51 Budget, some 1,000 copies of AMERICAN FOUNDRYMAN were 
being distributed monthly to selected non-member foundries in 
order to induce bona fide circulation of AMERICAN FOUNDRYMAN 
and to suggest eventual membership by those receiving the maga- 
zine. Director Horlebein suggested that the mailing list for such 
copies be checked with the Chapters so as to obtain better lists 
of names in some cas¢s. 

The Secretary-Treasurer presented a statement of finances as 
of March 31, 1951 which, after detailed examination of Income 
and Expense, was accepted. 

Some discussicn tcok place for more aggressive development 
of the Safety & Hygiene and Air Pollution Program, particularly 
with regard to the selection and hiring of a Staff man as pre- 
viously approved by the Board. Vice-President Seelbach urged 
more intensive work on the program, particularly toward forma- 
tion of a solicitation committee and development of a solicitation 
brochure. The Staff pointed out that concentration on the 
Building Program and 1951 Convention had prevented further 
developments by the Staff on the Safety & Hygiene Program. 

The Secretary pointed out that, in accord with the By-Laws of 
the Scciety, official auditors should be appointed by the President 
to perform the audit of the Society’s financial books as of June 
30, 1951. President Woody appointed George Rountree & Co., 
Chicago, as the official auditors for the current fiscal year. 

The President reported on the Building Fund to date and 
stated that the Fund totaled over $125,000 as of April 24, well 
beyond the original goal of $100,000. He stated it was the inten- 
tion to cease general solicitation on May 31 and to pursue the 
matter of selection of an architect, and determination of where 
to build at an early date through the A.F.S. Housing Committee. 

There being no further business to be presented, the meeting 
was declared adjourned. 

Respectfully submitted, 
Wan. W. MALONEY 
Secretary-Treasurer 





Minutes 
Annual Meeting 1950-1951 Board of Directors 


The Homestead, Hot Springs, Va.—Thursday, July 26, 1951 


Present: President Walton L. Woody, presiding 
Vice-President Walter L. Seelbach 
Directors: 
(Terms exp. 1951) 


(Terms exp. 1952) (Terms exp. 1953) 


T. H. Benners, Jr. T. E. Eagan J. O. Ostergren 
N. J. Dunbeck L. C. Farquhar F. W. Shipley 
Robert Gregg V. J. Sedlon James Thomson 
M. J. O’Brien, Jr. F. G. Sefing E. C. Troy 

V. E. Zang 


Secretary-Treasurer Wm. W. Maloney 
Technical Director S. C. Massari 
Absent: Directors E. W. Horlebein, J. J. McFadyen and L. D. 
Wright 
Present (as observers) : 
Vice-President-elect I. R. Wagner 
Directors-elect: H. W. Dietert 
J. T. MacKenzie 
A. M. Ondreyco 
Absent: Director-elect A. L. Hunt 


Reading of Minutes—The minutes of the Executive Commit- 
tee held April 24, 1951, at Buffalo, N. Y., were read and on 
motion duly made, seconded and carried, were approved. 

The Secretary was requested to send a copy of the Chapter 
Manual to all hold-over and new Directors who did not attend 
the Chapter Officers Conference in June. 


Reports of Officers and Board Committees 


Report of the Secretary 


The Annual report of the Secretary covered the following 
major activities: Membership, Chapters, Convention, Interna- 
tional Foundry Congress, AMERICAN FOUNDRYMAN, Technical 
Activities, Publications, and General Administration. 

Membership—The Secretary pointed out that membership in 
the Society as of June 30, 1951, totaled 9,340, representing a net 
gain of 294, or approximately 3.2 per cent over the total of 
9,046 on June 30, 1950. He stated that 2,316 members were 
added during the year, and 2.022 members lost for all causes, or 
a turnover rate of 21.6 per cent. The Secretary stated that con- 
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siderable effort should be given toward reduction of this rate of 
‘turnover. 

The Secretary emphasized the importance of membership 
work during 1951-52 and made seven specific recommendations 
involving the cooperation of the Chapter Contacts Committee 
with the Chapters in bringing about a material membership in- 
crease. He stated that targets again would be set for each Chap- 
ter toward a goal of 10,000 members by June 30, 1951, pointing 
out that only 8 Chapters made their targets during 1950-51 and 
that of the total goal of 985 net additional members, the actual 
net gain was 294, or approximately 30 per cent of the total. 

The Secretary reported the addition of three new Student 
Chapters during 1950-51, at the University of Alabama, North- 
western University, and Pennsylvania State College, bringing the 
total of Student Chapters to 11. He also reported a successful 
8th Annual Chapter Officers Conference held in Chicago, June 
25-26, with a total attendance of 101, including 83 Chapter dele- 
gates from all 40 Chapters, plus 14 National Officers and Direc- 
tors. Both attendance figures represented new highs for the 
Conferences. 

Convention—The Secretary reported that the 1951 non-exhibit 
Convention in Buffalo, April 23-26, had developed a total regis- 
tered attendance of 2,816, and that the registration fees of $2.00 
for members and $5.00 for non-members was generally accepted. 
He stated that the technical program was excellent and well re- 
ceived, that many visitors felt the Convention activities were 
smoothly run, and that the two special sessions addressed by 
officials of NPA were both sellouts. 

International Foundry Congress—The Secretary reported on his 
trip to Europe in May 1951 and stated that European foundry- 
men were enthusiastically planning to attend the 1952 Interna- 
tional Foundry Congress in Atlantic City, and that many were 
interested in a two-week pre-Convention tour prior to the Con- 
gress. He stated that arrangements were being made for such 
a tour with the IBF and Thomas Cook & Son, and reported that 
President-elect and Mrs. W. L. Seelbach would be attending the 
International Congress at Brussels in September 1951. 

It was announced that the slogan for the International 
Foundry Congress would be “EVERY Foundry in '52” and that 
announcements pertaining to the event would be made at all 
Chapters during the year. 

American Foundryman—Reporting on AMERICAN FOUNDRY- 
MAN, the Secretary stated that the first full year in soliciting 
advertising through publishers representatives had been success- 
ful in exceeding the advertising income budget for the year, that 
the Society’s membership is now audited by the Audit Bureau of 
Circulation, that closer contacts are being maintained with the 
equipment and supplies associations, and that new and increased 
advertising rates became effective July 1, 1951. He pointed out 
that AMERICAN FOUNDRYMAN advertising is being solicited on a 
three-year budget covering the period July 1, 1950, to June 30, 
1953, and every effort would be made to meet the approved 
budget. 

Editorially, the Secretary stated that acceptance of the publica- 
tion was constantly growing among the membership and that 
plans for the coming year included the development of more 
practical articles of greater interest to the bulk of the member- 
ship. 

Technical Activities—The Secretary reported the acquirement 
of a new full-time staff man to head up the Safety & Hygiene 
Program, namely, Kenneth M. Morse, and stated that he would 
be working under the direct supervision of the Technical 
Director. 

Publications—On publications, the Secretary stated that rec- 
ommendations of the Publications Committee had not been 
received in time for the Board meeting, but would be submitted 
as soon as available. He pointed out, however, the necessity for 
certain staff additions to take care of a growing backlog of new 
and revised publications scheduled for publication within the 
next two years. 

Building Fund—tThe Secretary’s report announced the total 
of $140,000 contributed to the Building Fund to date, of which 
all but $38,000 is in cash contributions. He pointed out that 
100 per cent of the regular Chapters and two Student Chapters 
had contributed, as well as 375 individuals and 379 companies. 

The report of the Secretary, on motion duly made, seconded 
and carried, was accepted and is made a part of these minutes. 

It was suggested that the Secretary’s recommendations should 
be brought to the attention of the new Board more specifically. 
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In response to question, the Secretary stated that publicity was 
given to other foundry groups in AMERICAN FOUNDRYMAN when 
received, and it was suggested that the question of publicity be 
discussed with other nearby Chapters before broadening such 
publicity. It was suggested that clippings of articles published 
in AMERICAN FOUNDRYMAN be sent to the presidents of those 
companies from whose employees articles may emanate. 


Report of the Treasurer 


The Treasurer reported that the non-exhibit year of 1950-51 
showed a total Income of $382,923 and total Expense of $431,353, 
or an excess of $48,429 Expense over Income. This, however, 
was well below the budgeted $72,230 Excess Expense for the year. 
Income per member was $41.00 against $32.90 in 1948-49, and 
Expense per member was $46.20 against $39.90 in 1948-49. 

The report indicated net worth of the Society (Fund Prin- 
cipals) as of June 30, 1951, was $406,811, including all Award 
and Building Funds, against $320,701 in 1950, $199,930 in 1949, 
and $275,122 in 1948. The Treasurer reported the Society's 
finances in satisfactory shape with Expense under close control 
of the Finance Committee and Treasurer. 

The official audited report of finances for the fiscal year as 
prepared by George V. Rountree & Co., Chicago, was presented 
and discussed in detail. It was the concensus of the meeting that 
this was the most comprehensive audit ever presented before the 
present Board of Directors, and the Treasurer was instructed to 
commend the auditors. The Treasurer also went over in detail 
the various items of Income & Expense for the year, pointing out 
major variations from the budget. 

The Treasurer also reported that the bank balance for the 
Cupola Research Fund as of June 30, 1951, was $8,525.96, in- 
cluding $3,525.96 in cash and $5,000 in investments. The 
Treasurer's report is made a part of these Minutes. 

The report of the Treasurer on motion duly made, seconded 
and carried, was accepted and the Staff commended for main- 
taining a low differential between Income and Expense in a non- 
exhibit year. 


Report of the Technical Director 


The Technical Director presented a detailed report covering 
technical committees, A.F.S.-sponsored research projects, 1951 
Convention Program, publications of the Society, the 1951 Ap- 
prentice Contests and other technical activities. 

Recommendations for continuation of research projects were 
tabled for consideration by the 1951-52 Board. 

It was reported that 50 different functions were scheduled 
during the 1951 Convention, with 90 authors or discussion lead- 
ers participating, and that 43 formal papers were published as 
separate preprints in advance of the meeting. The Technical 
Director specifically mentioned the Symposium on Principles of 
Gating session, an all-day function, with a total of 14 authors 
participating and a remarkable attendance of 1200. He stated 
that the Symposium would be published as a separate book 
covering the entire proceedings. 

During the fiscal year 1950-51, it was reported that four new 
publications had been produced and that the foundry high 
school textbook had been completed and would be published 
during 1951-52 by John Wiley & Sons. He reported that the 
Sand Testing Handbook was in the last stages of revision for 
definite publication during 1951-52; that the Charles Edgar 
Hoyt Annual Lecture of 1951 by J. C. Zeder, of Chrysler Corp., 
was available in pamphlet form; that 1500 copies of TRANsac- 
TIONS, vol. 58 (1950) were published, of which 1122 copies were 
sold; and that pre-publication order forms for TRANSACTIONS, 
vol. 59 (1951) were mailed to the membership in July. 

The Technical Director reported a total of 246 entries in the 
1951 Apprentice Contests from 76 companies and 8 Chapters, 
against 267 entries from 98 companies and 10 Chapters the 
previous year. In the way of Chapter program aids, the Techni- 
cal Director pointed out that a new Chapter Speakers’ List had 
been distributed, that 81 showings of the color-sound film on 
“The Principles of Gating” were made during 1950-51, and that 
a new film was now in the making for first presentation at the 
International Foundry Congress in 1952. He also stated that a 
program had been initiated involving the recording of technical 
subjects on magnetic tape for use by the Chapters, and it was 
hoped to develop a library of such subjects in the future. 

The report of the Technical Director, on motion duly made, 
seconded and carried, was accepted with commendation, and is 
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made a part of these Minutes. 

The Technical Director suggested that the services of steno- 
type reporters at the Annual Convention might be dispensed 
with and that each Division might be asked to appoint a techni- 
cal reporter to prepare a summary of the oral discussion and to 
obtain additional written discussion for TRANSACTIONS. Consider- 
able discussion of this suggestion followed, and the Technical 
Director was requested to contact the Technical Divisions and 
General Interest Committees of the Society to determine their 
attitude toward the matter. 


Report on International Foundry Congress 


Vice-President Seelbach, Vice-President-elect Wagner and Sec- 
retary Maloney all reported on aspects of the International 
Foundry Congress, including a preliminary organization meeting 
held in Cleveland during April. The Secretary was directed to 
prepare a short presentation on the International, which could 
be placed in the hands of all A.F.S. Directors to use in their 
Chapter contacts work. Vice-President Seelbach stated that he 
and the Secretary would be contacting ECA in August to deter- 
mine the extent of cooperation that might be rendered by them. 


National Castings Council 


President Woody reported that one meeting of the National 
Castings Council had been held during 1950-51, but that little 
had been accomplished which could be reported to the Board. 


Publications Committee 


The report of the Publications Committee meeting, held 
June 29, not being available, no report was presented. 


Finance Committee 


Recommendations of the Finance Committee, being embodied 
in the Annual Report of Society finances for the fiscal year ended 
June 30, 1951, as brought out in the report of the Treasurer, no 
special report was presented. 

The President pointed out that $125,000 of the General Re- 
serve Fund and $65,000 of the Building Fund had been invested 
in Government securities during the month of May. As Chair- 
man of the Finance Committee, he recommended approval by 
the Board of Directors, and on motion duly made, seconded 
and carried, the investments made by the Finance Committee 


were approved. 
Committee on 1952 Exhibits 


The Secretary reported that a meeting with the Committee on 
Exhibits had been held June 15 with Vice-President Seelbach 
and Vice-President-elect Wagner present. He reported that the 
rules and regulations for the 1952 Exhibit were read in detail 
and approved at that time, but that certain questions had been 
raised by a few exhibitors, necessitating a further meeting in 
Atlantic City to be held August 13, a which Mr. Seelbach would 
be present. ‘He reported that the exhibitors had approved prac- 
tically all recommendations made by the Staff for the rules and 
regulations and that excellent cooperation was anticipated. 


Retirement Plan Trustees 


In lieu of a report from the trustees, the Secretary presented 
a financial report on the Retirement Trust Account, showing 
that as of July 31, 1951, all funds in the Trust Account were 
being disbursed to apply against 1951-52 premiums and to reim- 
burse A.F.S. for prepaid employee contributions during 1950-51. 
He stated that the trustees had approved balancing the Trust 
account in this manner each year hereafter. 

President Woody expressed the suggestion that the trustees 
might find it desirable to meet once a year and that a report of 
the trustees should be presented annually to the Annual Board 
Meeting. The Secretary was directed to bring this suggestion to 
the attention of the Chairman of the Trustees. 


Board Policy Steering Committee 


The Secretary reported that a number of Board Policy Steering 
Committees had been organized, but that no meetings had been 
held to formulate Board policy. He stated that this matter 
would be carried forward shortly to the end of developing spe- 
cific Board Policies for approval by the Board of Directors at 


an early date. 
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Housing Committee 

President Woody reported for the Housing Committee and 
stated that a meeting of the Action Sub-Committee had been 
held in Chicago, July 11, at which time preliminary sketches and 
floor plans were presented, as well as several architect estimates. 
The Sub-Committee visited a number of locations around Chi- 
cago and authorized the Staff to pursue investigations for the 
selection of an architect and toward selection of properties for 
purchase. 

Recommendations of the Housing Committee meeting held in 
Buffalo, April 26, were read in brief, minutes of this meeting hav- 
ing been previously approved by letter ballot to the Board. On 
motion by Director Eagan, seconded by Director Farquhar, and 
carried, the Board of Directors approved the specific recom- 
mendations of the Housing Committee, including action and 
recommendations of the Action Sub-Committee. 


Research Committee of the Board 


A report of the Research Committee of the Board was pre- 
sented by Chairman N. J. Dunbeck and is made a part of these 
Minutes. Action on the recommendations for continuation of 
research projects was deferred to the meeting of the 1951-52 
Board, since they involved budgetary procedure. 


Safety & Hygiene Committee of the Board 


Vice-President Seelbach requested that the discussion on Safety 
and Hygiene be tabled until the meeting of the new Board, at 
which time the new Staff Director of Safety & Hygiene, Kenneth 
M. Morse, would be present. 


Chapter Contacts Committee 


A list of the Chapter Contacts Committee, assigning each 
Director to contact one or more of the Chapters, was presented 
by Vice-President-elect Wagner as Chairman of the Committee. 
The Directors were requested to make their contacts with the 
Chapters as early as possible, communicating to the Secretary 
their intention to do so, so that specific points may be brought 
to their attention. 


Recommendations of Executive Committee 


No action taken by the Executive Committee in meeting April 
24, 1951, required approval by the Board. President Woody 
pointed out that by action of the Board, July 1950, minor ex- 
penditures below $1,000 can be made by the Finance Committee 
without requiring special approval by the Board. 


Recommendations of Educational Division 


Director Sefing, on behalf of the Educational Division, pre- 
sented certain recommendations toward increased activity along 
educational lines. These recommendations included (a) a re- 
quest for a separate convocation with Chapter Educational Com- 
mittee Chairmen, (b) a full half-day for educational activities 
at the next Chapter Officers Conference, (c) that a speaker on 
educational matters address the next Chapter Officers and Direc- 
tors dinner at the Annual Convention and that the speaker be 
selected from a Chapter doing an outstanding job, and (d) that 
the Chapters be rated on educational activities on some basis 
that would make a small Chapter competitive with a large one. 

The Secretary suggested that the Educational Division be 
asked to sponsor a session at the 1952 Convention, whereby the 
Educational Division could discuss with the Educational Com- 
mittee Chairmen of the Chapters greater participation by the 
Chapters in educational matters. He stated that the National 
Office would make every effort to get a maximum number of 
Educational Committee Chairmen in attendance. Director Sefing 
indicated approval of this idea. 

No action was taken on other recommendations presented. 
The Secretary indicated that the Educational Division might 
well concentrate its discussions along secondary school lines. 
It was the consensus of the Board that this should be done. 


FEF Request for Convention Meeting 


The Secretary presented a request from the Foundry Educa- 
tional Foundation for an all-day session on education, under 
sponsorship of FEF, during the 1952 International Foundry Con- 
gress, at some place other than where the technical sessions may 
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be held, 

It was the consensus of the Board that activities of the:nature 
described should be sponsored by the Educational Division of 
the Society and the Secretary was directed to express to FEF the 
feeling of the Board that a precedent might be set if the re- 
quest were approved, whereby other societies might make similar 
requests at some future date. It was felt that all activities during 
the A.F.S. Convention should be sponsored by the Program and 
Paper Committees of the Divisions and the Committees of A.F.S., 
with the possible exception of small meetings of other foundry 
groups whose directors might be attending the Convention. 

In closing the meeting, President Woody expressed his grati- 
tude for the constant and fine support given him by the Board 
of Directors of the Society and emphasized the need for greater 
concentration on membership. He expressed the hope that the 
Board of Directors would give their utmost support to President- 
elect Seelbach to the end of working as a team toward progress 
of the Society and the industry. 

President-elect Seelbach responded by commending President 
Woody for his aggressive and forward-looking administration 
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and expressed the thanks of the Society for his energy and effort 
given to the job. He stated that he would endeavor to advance 
the Society to the best of his ability with the cooperaion of the 
Board. 

The 4th Annual Dinner in honor of retiring Directors was 
served the evening of July 26 at The Homestead. Following the 
dinner, Secretary Maloney presented color slides of his Euro- 
pean trip. Guests of honor included retiring Directors T. H. 
Benners, Jr., N. J. Dunbeck, Robert Gregg, and V. E. Zang. 
Retiring Director and Past-President E. W. Horlebein was un- 
able to be present. 

There being no further business to come before the meeting, 
President Woody declared the 1950-51 Board of Directors meet- 
ing adjourned, and turned over the gavel of the Chairman to 
Mr. Seelbach. 

Respectfully submitted, 
Wm. W. MALONEY 
Secretary-Treasurer 
Approved: 
Watton L. Woony, President 





Eighth Annual Chapter Officers Conference 
June 25 - 26, 1951 - LaSalle Hotel - Chicago 


PROGRAM 


Monday, June 25 
10:00 aM Welcome to Chapter Officers, Chairman W. L. Seelbach 
Introductions 
A.F.S. Background........./ A.F.S. Pres. W. L. Woody 
10:25am Functions of the National Office 
Secy. Wm. W. Maloney 
10:40am Technical Activities of the A.F.S.................-. 
Tech. Dir. S. C. Massari 
11:10am AMERICAN FOUNDRYMAN [ Edleor 54. F. Scoble 
: : , ~-****) Adv. Mgr. T. B. Koeller 
11:40am Regional Conferences nas Win, W. Maloney 
12:00 pm Luncheon 
1:00pm Report of F.E.F. Progress G. K. Dreher 
1:30pm Program Building Tech. Dir. S. C. Massari 
3:00pm Chapter Educational Activities...................-. 
{ Prof. G. J. Barker 
| Tech. Asst. Jos. E. Foster 


: — . { Chairman W. L. Seelbach 
3:50 pm Chapter Administration. . . | Secy. Wm. W. Maloney 


4:35pm A.F.S. and Chapter Finances. .Secy. Wm. W. Maloney 
6:30em Dinner 
7:30pm “America Tomorrow” 


Tuesday, June 26 


Guest Speaker Carl Taylor 


9:15 AM 
10:50 AM 
Secy. Wm. W. Maloney 
11:10am _ A.F.S. Building Project Pres. W. L. Woody 
11:30AM Management and Public Relations 
{ Pres. W. L. Woody 
{ Secy. Wm. W. Maloney 
| V.P.-Elect I. R. Wagner 
12:00pm Luncheon 
1:30 pm’ International Foundry Congress. .............:. ; 
{ Secy. Wm. W. Maloney 
| Exh. Mgr. A. A. Hilbron 
1:50pm The Shakeout 
3:00pm Adjournment of Conference 


ATTENDANCE 


Directors and Guests 

Participating in the 8th Annual Chapter Officers Conference 
in addition to those mentioned, were the following national 
directors: T. E. Eagan, Cooper-Bessemer Corp., Grove City, Pa.; 
L. C. Farquhar, Sr., American Steel Foundries, East St. Louis, 
Ill; J. J. McFadyen, Galt Malleable Iron Co., Galt, Ont., 
Canada; Martin J. O'Brien, Jr. Symington-Gould Corp., Depew, 
N. Y.; J. O. Ostergren, Lakey Foundry & Machine Co., Muskegon, 
Mich.; F. G. Sefing, International Nickel Co., New York; Frank 
W. Shipley, Caterpillar Tractor Co., Peoria, Ill.; James Thom- 
son, Continental Foundry & Machine Co., East Chicago, Ind.; 
and L. D. Wright, U. S. Radiator Corp., Geneva, N. Y. 

Directors-elect present were Harry W. Dietert, Harry W. Die- 
tert Co., Detroit, and J. T. MacKenzie, American Cast Iron 
Pipe Co., Birmingham, Ala. Guests included FEF Chairman 
Claude B. Schneible, Claude B. Schneible Co., Detroit; Prof. 
. E. Kennedy and Roy W. Schroeder, University of Illinois 
Navy Pier), Chicago; C. E. Hoyt, retired A.F.S. executive vice- 
president; and Wm. G. Gude, Penton Publishing Co., Cleveland. 


Chapter Representation 
Chapter officers present were chiefly chairmen and program 
chairmen (usually also vice-chairman). They were: 
BIRMINGHAM—Program Chairman Fred K. Brown, Adams Rowe 
& Norman, (also V. C.), and Secretary-Treasurer John F. 
Drenning, Kerchner, Marshall & Co., Birmingham, Ala. 
British CoLtumMBiA—Chairman W. M. Armstrong, University of 
British Columbia, Vancouver, and Program Chairman Herbert 
Heaton, Heap’s Engr. Ltd., New Westminster, B. C., Canada 
(also V. C.). 
CANTON District—Chairman C. B. Williams, and Secretary Wen- 
dell W. Snodgrass, Massillon Steel Castings Co., Massillon, Ohio. 
CENTRAL ILLINoIs—Chairman R. E. Dickison, Brass Foundry Co.. 
Program Chairman G. H. Rockwell (also V. C.) and Secretarv- 
Treasurer B. L. Bevis, Caterpillar Tractor Co., Peoria, Ill. 
CENTRAL INDIANA—Chairman Robert Spurgin, Swayne, Robinson 
& Co., Richmond, Ind., and Vice-Chairman Carl O. Schopp, 
Link-Belt Co., Indianapolis, Ind. 
CENTRAL MicHiGAN—Chairman Thomas T. Lloyd, Albion Malle- 








XXXVi 


able Iron Co., Albion, Mich., and Secretary-Treasurer R. K. 
Moore, Foundries Materials Co, Coldwater, Mich. 

CenTRAL New York—Chairman Wm. .D. Dunn, Oberdorfer 
Foundries, Inc., Syracuse, N. Y., and Vice Chairman Don J. 
Merwin, Oriskany Malleable Iron Co., Oriskany, N. Y. 

CENTRAL On10o—Chairman W. T. Bland, Commercial Steel Cast- 
ing Co., Marion, Ohio, Vice-Chairman E. M. Durstine, Keener 
Sand & Clay Co., and Secretary N. H. Keyser, Battelle Memorial 
Institute, Columbus, Ohio. 

CHESAPEAKE—Chairman Allen S. Kittrell, Leach Pattern Shop, 
Baltimore, Md., Program Chairman C. W. Galloway, Chambers- 
burg Engineering Co., Chambersburg, Pa. (also V.C.), and Sec- 
retary-Treasurer C. A. Robeck, Gibson & Kirk Co., Baltimore. 

Cuicaco—Chairman Walter W. Moore, Burnside Steel Foundry 
Co., and Vice-Chairman John Owen, Harbison-Walker Refrac- 
tories Co., Chicago. 

Cincinnati District—Chairman A. W. Schneble, Advance Foundry 
Co., Dayton, Ohio and Program Chairman B. A. Genthe, S. 
Obermayer Co., Cincinnati (also V.C.). 

Detroitr—Chairman Vaughan C. Reid, City Pattern Foundry & 
Machine Co., and Vice-Chairman Michael Marchol, Atlas 
Foundry Co., Detroit. 

EASTERN CANADA—Chairman W. ‘Turney Shute, Canadian Car & 
Foundry Co., Ltd., and Program Chairman A. J. Moore, Mon- 
treal Bronze Ltd., Montreal, Que., Canada (also V.C.). 

EASTERN NEW YorkK—Chairman John E. Waugh, General Electric 
Co., Schenectady, N. Y., and Program Chairman Leigh M. 
Townley, Adirondack Foundries & Steel, Inc., Watervliet, N. Y. 
(also V.C.). 

METROPOLITAN — Chairman D. Frank O’Connor, O'Connor's 
Foundry, Inc., Hackettstown, N. J., and Vice-Chairman J. S. 
Vanick, International Nickel Co., New York. 

Mexico Ciry—Chairman N. S. Covacevich, La Consolidada S. A., 
and Program Chairman Juan Latapi Sarre, Fundiciones de 
Hierro Y Acero S. A., Mexico, D. F., Mexico (also V.C.). 

MIcHIANA—Vice-Chairman Andrew Peterson, Oliver Corp., South 
Bend, Ind., and Secretary-Treasurer Vincent C. Bruce, Frederic 
B. Stevens, Inc., Elkhart, Ind. 

Mo-Kan—Chairman FE. C. Austin, Jr., National Aluminum & 
Brass Foundry, Independence, Mo., and Vice-Chairman John 
Redman, Jr., Redman Pattern Works, Kansas City, Mo. 

NORTHEASTERN On10—Chairman Gilbert J. Nock, Nock Fire Brick 
Co., and Program Chairman Frank C. Cech, Cleveland Trade 
School, Cleveland, (also V.C.). 

NORTHERN CALIFORNIA—Chairman Philip C. Rodger, General 
Metals Corp., Oakland, Calif., and Program Chairman George 
W. Stewart, Fast Bay Brass Foundry, Richmond, (also V.C.). 

NORTHERN ILLINOIS-SOUTHERN WhsconsiN—Chairman Carl L. 
Dahlquist, Greenlee Bros. & Co., Rockford, Il. 

NORTHWESTERN PENNSYLVANIA—Chairman J. Douglas James, Coo- 
per-Bessemer Corp., Grove City, Pa., and Program Chairman 
Fred J. Carlson, Weil-McLain Co., Erie, Pa., (also V.C.). 

Ontario—Chairman R. H. Williams, Canadian Westinghouse 
Co., Ltd., Hamilton, Ont., and Program Chairman Andrew 
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Reyburn, Cockshutt Plow Co., Ltd., Brantford, Ont, 
(also V.C.). 

OreGon—Chairman E. J. Hyche, Rich Manufacturing Co., and 
Program Chairman Wm. M. Halverson, Electric Steel Foundry 
Co., Portland, Ore., (also V.C.) . 

PHILADELPHIA—Chairman George Bradshaw, Philadelphia Nava! 
Shipyard, and Vice-Chairman Arnold N. Kraft, Wilkening 
Mfg. Co., Philadelphia. 

Quap Criry—Chairman Wm. C. Bell, Frank Foundries Corp., 
Moline, Ill., Director Eric A. Welander, Union Malleable Iron 
Works, East Moline, Ill., and Secretary-Treasurer R. E. Miller 
John Deere Planter Works, Moline, IIl. 

RocHESTER—Chairman Charles E. Vaughn, Ritter Co., Inc., and 
Program Chairman Leon C. Kimpal, Rochester Gas & Electric 
Corp., Rochester, N. Y. 

SAGINAW VALLEY—Vice-Chairman Kenneth H. Priestley, Vassar 
Electroloy Products, Inc., Vassar, Mich. 

Sr. Louis Disrricr—Chairman Ralph M. Hill, East St. Louis 
Castings Co., East St. Louis, Ill., and Program Chairman Henry 
W. Meyer, General Steel Castings Corp., Granite City, IIl. 
(also V.C.). 

SOUTHERN CALIFORNIA—Chairman Henry W. Howell, Howell 
Foundry Co., Los Nietos, Calif., and Harold G. Pagenkopp, 
Angelus Pattern Works, Huntington Park, Calif. (also V.C.). 

TENNESSEE—Chairman Porter Warner, Jr., Porter Warner Indus- 
tries, and Program Chairman W. M. Hamilton, Crane Co., 
Chattanooga, Tenn. (also V.C.). 

Texas—Chairman John M. Bird, American Brass Foundry, Ft. 
Worth, Texas and Program Chairman P. B. Croom, Houston 
Pattern Works, Houston, Tex. (also V.C.). 

TimMBeRLINE—Chairman C. C. Drake, Griffin Wheel Co., and Vice- 
Chairman James E. Schmuck, Rotary Steel Casting Co., Denver, 
Colo. 

To.epo—Chairman John A. Mescher, Unitcast Corp., and Vice- 
Chairman John G. Blake, Alloy Foundries, Inc., Toledo. 

Tri-StaTtE—Chairman Dan A. Mitchell, Progressive Brass Mfg. 
Co., Tulsa, Okla., and Vice-Chairman C. C. Beagle, Webb 
Corp., Webb City, Mo. 

Twin Crry—Chairman C. F. Quest, J. F. Quest Foundry Co., 
Minneapolis, and Vice-Chairman Joseph W. Costello, Ameri- 
can Hoist & Derrick Co., St. Paul. 

WaASHINGTON—Program Chairman William L. Mackey, Washing- 
ton Stove Works, Everett, Wash. (also V.C.), and Secretary 
Fred R. Young, E. A. Wilcox Co., Seattle, Wash. 

WESTERN MICHIGAN—Chairman Ross P. Shaffer, Lakey Foundry & 
Machine Co., and Vice-Chairman William J. Cannon, Nugent 
Sand Co., Muskegon. 

WESTERN NEW YorK—Chairman Erwin Deutschlander, Worthing- 
ton Pump & Machinery Corp., and Program Chairman Carl A. 
Harmon, Hanna Corp., Buffalo, N. Y. (also V.C.). 

Wisconsin—Chairman George E. Tisdale, Zenith Foundry Co., 
Milwaukee, Program Chairman Robert V. Osborne, Lakeside 
Malleable Castings Co., Racine, Wis., and Secretary Albert F. 
Pfeiffer, Allis-Chalmers Mfg. Co., West Allis, Wis. 
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Charles Edgar Hoyt Annual Lecture 


MANAGEMENT OF INDUSTRIAL RESEARCH 


By 


- 


James C. Zeder* 


THE HONOR OF BEING INVITED to present the 
Charles Edgar Hoyt annual lecture is one which | 
deeply appreciate. The specialization of our modern 
industry has produced a great multiplicity of tech- 
nical organizations and societies, but there are very 
few indeed which can claim so vast and distinguished 
a membership as yours. I am proud, indeed, to have 
the privilege of addressing a group whom I respect 
so highly. 

My earliest association with your profession was 
many years ago when I worked as a boy during sum- 
mer vacations in a Bay City foundry. A foundry then 
was a miserable place in which to work, and frankly 
I disliked it heartily. But I have always been grateful 
for the experience which I obtained there. 

Thanks to your efforts, there have been vast changes 
in foundries since that time. Working conditions are 
infinitely better and the quality of the product itself 
has been tremendously improved. 

Since this early experience, I have always been in- 
terested in foundries, and not merely from an acade- 
mic standpoint. The automotive industry uses more 
castings than any other branch of industry; and the 
particular corporation to which I belong not only has 
a large foundry operation of its own, but is also the 
largest single purchaser of ferrous materials of all 
kinds in the world today. 

However, this discussion will be in a different direc- 
tion from the technical treatment of foundry prob- 
lems. Many of the past Charles Edgar Hoyt annual 
lectures report extensive observations of the materials, 
processes, and techniques of your great industry. I 
could not add to your technical knowledge. In con- 
trast to that type of paper, I would like to report on 
observations I have been able to make in a province 
of industry that is a vital, basic part of the life blood 
of your company—of any company-—if it is to survive 
in a highly competitive economy. This is the man- 
igement of industrial research. 


* Vice President, Director of Engineering and Research, Chrys- 
ler Corporation, Detroit. 

Presented by Mr. Zeder April 25, 1951 during the 55th Annual 
Convention of the American Foundrymen’s Society, Buffalo. 


We know that man has been on earth for nearly 
500,000 years. It took him 495,000 years to get out of 
the trees and caves and start living in more or less 
organized groups. And yet it is only within the last 
few years that we have had such amazing things as 
railroads, radios, telephones, automobiles, trucks, mo- 
tion pictures, and indoor plumbing. And in the last 
few minutes, comparatively speaking, we have had 
television, nylon, atomic energy, and jet planes. 

What could have happened to cram these things— 
this whole technological advance—into a mere pocket- 
ful of years? 

It was the advent of research on a large scale. 

It was research that brought forth the manufactur- 
ing skills on which our present economy is founded. 
It was research that led the way to the incredible de- 
vices of modern living which we have come to accept 
as commonplace. It was research, and the realization 
of what could be accomplished through it, that pro- 
duced the tremendous progress of our civilization in 
the last 100 years. 

There are some who still think of research as a 
highly secretive process behind locked doors. But 
this kind of thing is far from the truth about modern 
research. The majority of information resulting from 
research is common knowledge when progress can be 
reported. The protection of patent and copyright 
laws allows the news of new and good things—the 
better ways—to be freely circulated to any who may 
be interested. Thus, the applications of the results of 
research have not been the coveted secret possession 
of the few, but the multiplied development of thou- 
sands of scientists who have been enabled to use and 
build upon the research of others, rather than labor- 
iously climbing each step that leads upward to the 
result desired. This situation has been duplicated to 
a lesser extent in certain other countries and the end 
result has been the stupendous advance in technology 
during the last few years. 

Research Defined 

Let us refer to Mr. Webster’s definition of research. 
You know, he was quite a researcher himself. 

“Research,” says Mr. Webster, “is a critical and ex- 
haustive investigation or experimentation, having for 
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its aim the discovery of new facts and their correct 
interpretation, the revision of accepted conclusions, 
theories or laws, in the light of newly discovered 
facts, or the practical applications of such new or re- 
vised conclusions.”” I want to repeat that. “The prac- 
tical applications of such new or revised conclusions!”’ 


Origin of Research 


Research had its start in two ways; the natural curi- 
osity of man, and the equally natural desire for per- 
fection and better living. This latter desire has been 
the great motivator. He was cold, so he played with 
fire. He wanted better food, so he cooked it. Now 
he freezes it. He was sick—there were plagues—mal- 
aria—he fought to be free of them. He wanted to 
transport himself and his goods more easily—so finally 
we have automobiles. All were problems—problems 
whose solutions have raised our mode of living to its 
present high standards of comfort and convenience. 

A few short years ago the United States govern- 
ment did little research outside some of the public 
health problems—the epidemics and their causes. Dur- 
ing World War I, the Chemical Warfare Service 
learned that many problems could be solved quickly 
with well-managed research. This type of thing and 
the great success of the research laboratories of some 
of the big companies and foundations gave both in- 
dustry and government a new slant on research. They 
found it was not only possible but profitable to de- 
velop a research department within their own con- 
fines or to take their problems to a professional or 
college research organization. Our government today 
is responsible for the support of over 40 per cent of 
all research carried on in America. Governmental 
budgets for this purpose currently total well over one 
and a quarter billion dollars—some projects running 
for a period of years. Industry is spending an esti- 
mated 450 million dollars yearly and the number of 
men employed in industrial research in 1951 has in- 
creased nearly fifty times since World War I to an 
estimated total personnel of 150,000. 


Endowed Research Foundations 


The role of endowed foundations such as Rocke- 
feller and Carnegie has become increasingly significant 
in the development of research for the public welfare 
and the conservation of our natural resources. Re- 
search has often been solely responsible for the crea- 
tion and success of an entire industry—or the failure 
through substitution of better things, of another. Look 
at what happened to the Chilean nitrate industry. 
Research produced the synthetic process, and the in- 
dustry which had accounted for over 40 per cent of 
the Chilean government's income was up against the 
problem of existence. Look also at the silk industry 
which has been replaced to such a great extent by 
synthetic fiber manufacture. 

Another great factor in the growth of research is 
the attitude of the people of this country. Nowhere 
on earth is there an entire country whose citizens are 
so receptive to change, so eager to pioneer and so 
competitively minded. Our ancestors were no reac- 
tionaries, bent on preserving the old ways of life at 
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all costs. If they had been, they would not have 
dared the Atlantic Ocean and there would still be 
wigwams along the Potomac! In nearly every othe: 
country, the adherence to tradition has acted as a 
brake to progress. Here, the philosophy has been 
that “If father used it, there must be something be:- 
ter by now!” 

It has been said by many that we have invented few 
things of importance. We suppose most of the really 
good things came from Russia! (Better label that as 
a joke or we'll be quoted in Pravda!) We are told 
that we merely made them more practical. Even if 
that were true—it’s a wonderful role for us to play. 
We of the United States have made practical, and 
available to millions of people—the new ideas, the 
new products, the better ways of life. It all adds up 
to more happiness—for everyone. That—is praise in- 
deed. 

But with the tremendous growth of research there 
are problems. The different avenues of approach can 
lead into a maze of bewildering lanes unless research 
is properly planned. Millions of dollars and millions 
of man-hours can produce wonderful results—but they 
can also be utterly wasted. Research can make o1 
break men and companies depending upon the way 
it is directed or the way it is handled. 

I cannot tell this group anything new about re- 
search itself. But perhaps I can contribute something 
to your knowledge of the methodology of research, 
how the group is organized and how it coordinates 
with—and becomes a successful part of an industrial 
organization. 


Research Activities Classified 


For purposes of analysis, the sequence of those ac- 
tivities that are more or less integrated with research, 
from the uncovering of new knowledge in the engi- 
neering sciences to the final design of finished goods 
may be placed under four general headings. These 
may be classified according to the names we prefer, 
as, Academic Research, Engineering Research, Product 
Engineering and Development, and Production Test- 
ing. There are, of course, other names for these 
classifications, but we believe these categories will 
apply to most modern industries. 

Academic research may be defined as a search for 
new facts without regard to their’ possible use or ap- 
plication. Again, academic research has been referred 
to as “fundamental” or “basic” and has been called 
“research for research’s sake.” 

Experience has definitely indicated that this type 
of research can be carried on more economically in 
the long view by universities or research foundations 
not directly associated with industry. Academic re- 
search is the fountainhead of knowledge, opening up 
new horizons for progress. But to carry on such re- 
search in an industrial corporation imposes too much 
of a strain on normal viewpoints. After all, industrial 
corporations are run for the express purpose of turn- 
ing out a successful product at a profit. Setting up 
academic research groups within corporate walls, and 
asking it to ignore profit considerations is extremely 
difficult. In most cases when attempting the academic, 
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the research group soon finds itself happily—and pro- 
fiiably—engaged in direct engineering research or 
product development. 

Engineering research is a little closer to the product. 
lt is sometimes called applied research; in other words, 
research with the objective of product improvement. 
What is meant by this term is the organized search to 
supply new materials, new processes, and new prin- 
ciples to the improvement of products by basic revi- 
sions in design, the adoption of new features, or even 
the addition of entirely new branch industries to the 
corporation. The borderline between academic re- 
search and applied or engineering research is a little 
hazy at times, each one overlapping the other. Basic- 
ally, engineering research fills a large space between 
academic research and product engineering. We often 
wondered under what research category, Columbus’ 
discovery of America would come. 


Research A By-Product Value 


Columbus wanted to prove a theory, he wanted to 
discover new facts that would aid in the proof. Ferd- 
inand and Isabella, however, wanted new lands, new 
products, new riches. Strickland Gilliland, one of 
Washington’s noted correspondents, had this to say 
about Columbus’ voyage in a speech entitled “What 
is a fact?” “We always think of the discovery of 
America as one of the great facts of history. Yet 
Columbus didn’t know where he was going when he 
started out, he didn’t know where he was when he 
got there, and he didn’t know where he had been 
when he got back.” A great deal of research is just 
like that, often of by-product value, but it can be 
wasteful unless it is carefully watched and properly 
planned. 

Product engineering and development is the activity 
of bringing out the new models—including the estab- 
lishment of all specifications, the preparation of pro- 
duction drawings and the constant refining and im- 
provement of the product after it is in production. 
This division is the natural customer of the research 
division and the two must maintain close contact 
with each other. 

Production testing is the devising and performing 
of tests on production samples to insure that the prod- 
uct meets the high standards of performance and life 
specified. These last two classifications do not come 
under a strict definition of research, either engineer- 
ing or academic, but they may have a little of both 
in them at times. 

I have reviewed these classifications only as a mat- 
ter of locating ourselves on the map. Probably all of 
you are familiar with these general divisions and the 
various kinds of work that come under each heading. 
All of you know the structure and organization of 
such departments, and I will not bother you with de- 
tails. Rather, I will confine my paper to engineering 
research and some of the fundamental problems of 
the management of that department. 

This study falls naturally into two sections, the 
organization and administration of the group, its 
personnel and facilities, and the work itself. The 
most important element in a successful research group 


is the man who heads it. A research program in an 
engineering organization must be a carefully planned, 
integrated effort to be effective, so a research head 
must not only be research minded but be a good or- 
ganizer and administrator as well. We have had the 
experience of taking a research department out of 
the hands of a highly skilled researcher with little 
administrative ability, turning it over to a man who 
was less research minded, but who knew better how 
to organize and administer the department. The 
effective research output increased appreciably with 
exactly the same facilities and the same staff. 
Function of Rsearch Director 

The research director's duties fall broadly into two 
categories, technical and administrative. Under the 
technical category comes, above all, the planning. The 
director should be able to plan, first, for the over-all 
long range results and, second, help guide the actual 
day-to-day work of the group with the use of the 
facilities available. He must be able to determine the 
broad objectives and analyze the specific objectives 
that, when accomplished, will add to the result. He 
must also know what man or groups of men to en- 
trust with each phase of the work. 

Sometimes a research engineer will ride a project 
he likes for as long as he is let alone. Give him a 
job that interests him and he is happy to continue 
regardless of objective. Self-determination causes him 
to continue until stopped. Another type of researcher 
is the one who quits or loses interest when the work 
becomes difficult. In this case, the man must be 
guided or switched to less important responsibility. 
The director must be alert and on his guard con- 
stantly against situations of either kind in his organi- 
zation. 

After the planning comes the direction. While a 
research head need not be the top scientist in the 
organization, he must certainly have imagination and 
a thorough knowledge of his field, a good understand- 
ing of what research is all about, and an overwhelm- 
ing desire to get on with it! A director must help 
guide the procedure until it is shown that the work 
is accomplished or it is not economical to continue 
further. 

The director must also be a good leader. He must 
know his men and machines, which group to encour- 
age and which to hold in check. He must keep track 
of work progress and suggest changes necessary to 
continue new interest in the solution. 

On the administrative side, the research director 
must be able to present to the management a fairly 
detailed picture of equipment, personnel, and mach- 
ines for each project. He should set up tentative 
schedules for the use of equipment and purchase of 
new instrumentation, although we recognize that in 
research this is not too easy to predict. The cost of 
such things as electron microscopes, cyclotrons, wind 
tunnels, and even the smaller units of scientific re- 
search instrumentation makes the multiple use of 
each item imperative. The director must check pro- 
gress rates, and keep his staff adequate both in num- 
ber and quality. 

A research head has one of the most unappreciated 





and frustrating jobs in the world—selling new ideas 
to people who are operating successfully with old 
ones. He must have both the courage of his convic- 
tions and determination to sell them to the manage- 
ment. He should be a good public relations man 
and should have enough showmanship or sales ability 
to get an idea across to the executive group. By 
salesmanship we do not mean just aggressiveness, but 
rather the skillful use of all the legitimate methods 
developed by modern business to put across its ideas 
and products. If management consistently turns down 
its research department, the research director must 
take some share of the blame, because selling research 
is a substantial part of his job. 

Finally, and above all, a good research head must 
be alert to company objectives. He must concentrate 
on what is best for the corporation, and not be lured 
away to something less important or ride a hobby of 
his own. This at times means having the courage to 
stop a project, even at the risk of losing face, when 
it becomes obvious that results will never justify the 
costs. One of the most important things in research 
is to learn what not to do. 


Operation of Research Group 


In the realm of the work itself, the successful opera- 
tion of a research group as a whole demands two 
things, a continuous flow of new projects, as well as 
an output of successful and valuable developments. 

Just as we have stressed the qualities neccssary for 


the director, we wish to emphasize the extreme care 
with which research projects should be chosen. To a 
large extent, the quality of research output depends 
upon the intelligent choice of projects or objectives 
to be accomplished. Research should not move in the 
line of least resistance or necessarily that of greatest 
scientific interest, and a project should be acknow- 
ledged from the beginning as either a constructive step 
in product or process improvement, or as the start of 
an entirely new product, process, or industry. In the 
selection of these projects, several pertinent questions 
should be asked: 

1. If the work is successful, will the results be used 
in the present product or for the direct benefit of 
other corporation groups? 

2. Will the probable cost of doing the research 
justify the results obtained, and be within reasonable 
financial means of the corporation? 

3. Will it be logical to use the results at the time 
they become available, or will they be so far in ad- 
vance of manufacturing techniques and market re- 
quirements that their public acceptance will be ques- 
tionable? 

There are many other questions such as—is man- 
power available and capable of handling the job?— 
are adequate facilities and instruments available?— 
is its scope too broad or not broad enough?—will it 
interfere with the everyday business of the corpora- 
tion?—availability of raw materials, etc.? 

The entire burden of answering these questions 
must not rest solely on the research group. When a 
preliminary investigation by this group has led them 
to believe that a project has product value, a review 
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of it and its proposed scope should be held with the 
heads of the production engineering and developmen 
groups in whose field of activity the project may 
eventually lie. This is of tremendous importance to 
the research group not only in evaluating the pro 
ject, but in establishing shoulder-to-shoulder tean 
spirit between research and development from th« 
very start of the project. The most productive re 
sults are obtained when the research department is 
integrated into the engineering organization in this 
way instead of separated from it. It is possible, oi 
course, to tie it in too closely, and the proper balance 
must be found; but isolating a research facility from 
the rest of the corporation—either geographically o1 
organizationally—has definite disadvantages. Th« 
main outlet which research has for its products is the 
product engineering and development group, and it 
is important, when selling to a customer, to have 
good contact with him. Also, research needs reason- 
ably close association with the rest of the engineering 
department in order to keep informed on. the exist- 
ing problems and the immediate directions of corpora- 
tion trends. This is a most important point and one 
that aids greatly in making use of the results when 
the project is successful. 

Without this method of working together, the de- 
velopment laboratories are often inclined to be 
“against” the projects sponsored by the research 
group. Each side may claim that they should have 
had the job and that they could have done better o1 
that the work should never have been started at all. 
By putting both sides in complete possession of the 
facts at the start of a new objective, and allowing 
each to take part in the decision to go ahead, prob- 
abilities of friction are eliminated and when research 
is through with its part, production engineering and 
development groups will proceed with better spirit 
and more cooperation. 

Despite the care of the research and executive 
groups in layout of the original project and the thor- 
ough analysis of it by the research director and the 
engineering groups, the best laid plans often go 
astray. Careful preliminary work does not preclude 
the possibilities of engineering compromises or un- 
foreseen difficulties making it necessary to stop the 
work before it is finished, or to completely change its 
direction. The aim is to keep the loss of work and 
effort due to such circumstances to a minimum. Fre- 
quent progress reviews should be held with the orig- 
inal groups, so that everyone concerned may learn of 
any change which might affect his work or the use of 
the results. 

Research Project Approval 

We have learned through experience that nothing 
is quite as disorganizing to a research group, or as 
unsettling to its relations with the organization as a 
whole, as a project which has been approved merely 
because it was someone’s favored hobby or was over- 
sold originally by an influential sponsoring group. 
The unwillingness to listen or give sufficient time to 
the careful analysis of the problem, or to spend 
enough money on its preliminary exploration, will 
oftentime result in a high percentage of rejected ef- 
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fort and the loss of the work of capable men when a 
more careful approach would have shown that the 
project should never have been started in the first 


place. 
For the operation of a research department there 


is no royal road to success. To stretch the metaphor 


a little farther, we might say that it is an extremely 
rocky and tedious path, if there is any path at all, 
since, of course, the job of research is that of the 
pathfinder and the pioneer. Even the pioneer, how- 
ever, finds a place to settle down and take root, and 
the researcher, too, must occasionally stop long enough 
to consolidate his gains into usable form. If the pro- 
ject is successful, it becomes the problem of the cor- 
poration management to decide when it is to be 
commercialized or, expressing it from the research 
man’s point of view, torn from the sympathetic arms 
of its fond parents and thrown to the development 
wolves. 

From the viewpoint of the research department, 
the new idea is seldom old enough to stand on its 
own feet when it is transferred over to the develop- 
ment group. It will probably always be that way, 
and in some cases it may be necessary to allow the 
research group to continue the development work. 
This may arise because it would take too long to re- 
educate a development group to the point of progress 
already reached by research, and it is faster and bet- 
ter to allow research to complete the job to the point 
of actual use in the product. This condition, of 
course, is not usual, and it should not be allowed to 
interfere with the normal transfer of research pro- 
jects to the development and production engineering 
groups. 

We have learned one thing, however, and that is 
to allow the research idea to continue to the point 
where its acceptance by development or production 
engineering groups is assured on at least as sound a 
basis as their own developments. Only too often we 
attempt to pour the new wine of research into the 
old bottle of convention and lose both the wine and 
the bottle. 

Release of Projects and Ideas 

The direct transmission of successful projects and 
ideas from research to the production engineering 
and development group is not the only way in which 
a research department serves its purpose. Now and 
then a new research design or idea is rejected on the 
grounds that it is too far in advance of its time, or, 
for various reasons it could not be used immediately, 
or simply that it is not desired commercially. But 
the idea nevertheless has had its influence on the 
thinking of the organization. It may just help pave 
the way for another idea which by contrast may not 
seem quite so radical. Or it may simply lie dormant 
for a time, acting as an inspiration for future thought 
and commercial realization even though the fact be 
forgotten that it originated in the research depart- 
ment. In these ways, a good research organization 
is constantly having its impact on the development 
operations of the company, even though there does 
not seem to be direct linkage between the various 
groups. At the very least, research is an important 


stimulating influence which any progressive and grow- 
ing company cannot afford to be without. 

It is an oversimplification, however, to assert that 
research is a good thing and that every industrial 
corporation should have it. It must also be properly 
organized for the purpose intended. The mere fact 
of having a research department is no justification 
for a feeling of smugness. No one will attest more 
vigorously to the value of research than the writer, 
but we do not mind admitting that we made false 
starts over a period of years until experience directed 
us to develop the type of research organization which 
was most logical for us. We learned that a research 
department must be tailored to the particular job it 
has to do. By its very nature, there is no general 
prescription that can be followed. What is logical 
for one corporation may be all wrong for anothe1 
selling a different product in a different market. Each 
company must devise its own formula. 

How much should be spent on research? If en- 
thusiasm is allowed to overwhelm reason and good 
business judgment, it is possible to spend too much. 
Research itself has become more and more costly. 
The instruments and equipment required are much 
more extensive and complex than in the past. Also, 
with the product of today, research channels have 
multiplied many times, so now it takes a lot more 
research manpower and facilities to develop the de- 
sired improvement and refinement. 


Financing of Research Activities 


With some companies the idea prevails that a 
fixed percentage of each sales dollar should be set 
aside for research. The thought is fine, but the hy- 
pothesis is wrong. Research does not start or pro- 
gress on a dollar basis. A good research program de- 
pends on an intelligent understanding of the job to 
be done. On the money hypothesis, the research 
director's incentive is to look around for additional 
ways to spend the money. You rob him of the stimu- 
lation of having to compete with other divisions of 
the corporation for his share of the budget. Also, 
during periods of low sales volume, the fixed per- 
centage system may result in drastic reductions in the 
research program at the very time when real research 
development is needed most. It is far better for the 
corporation, as a whole, for the research department 
to sell the. management on the aimed objective or pro- 
cess improvement to be realized from the projects 
undertaken and request the money to do the job. 

But while research cannot be bought on the dollar 
basis, industrial corporations naturally have the right 
to expect it to pay its own way and much more. If it 
has not accomplished that objective then it has prob- 
ably not been properly organized or directed to meet 
the specific needs of the company. In such cases, the 
trouble is not with the job but with the management 
policies under which they are operating. With in- 
telligent management, good direction, and sound or- 
ganization, industrial research is sure to pay off. 

There are almost as many methods of measuring 
the results of research as there are companies using 
research. In the Fourth Annual Conference on the 





6 


Administration of Research held at the University 
of Michigan in September of 1950, Allen Abrams, 
Vice President of the Marathon Corporation, gave his 
definition of the way to measure research results. 
Said Mr. Abrams, “There is only one real measure 
of the results of research, one which will stand the 
test of history: ‘Will it produce a new industry, new 
goods, new happiness, and most of all, a better world 
than we had in the past?’”’ 

Guy Suits, Vice President of the General Electric 
Company, had this to say about the difficulty of mea- 
suring the results of basic research, “Let us take a look 
at our work in silicons, where we began by trying to 
replace a carbon molecule by one of silicon. We 
thought this would be a good idea because the silicon 
bond gives us a higher temperature stability of cer- 
tain materials, but we never thought that it would 
give us bounceless rubber and rubber which would 
be compatible with pyranol in transformers.” 

A new industry arrived at! 

The Minnesota Mining and Manufacturing Co. 
was not looking for scotch tape. But they found it 
and another new industry resulted. ‘The petroleum 
industry is making alcohol, the alcohol producers are 
fermenting penicillin. I have already mentioned the 
silk industry. 

For the purposes of management accounting, some 
large companies use a system of “royalties” whereby 
the research department is credited with a certain 
amount based on the probable cost of obtaining the 
license to manufacture the product in question. An- 
other method is to set off the appraised value of the 
product against research cost. , 

The end results of research are everywhere appar- 
ent. All you need to do is look around you and to 
realize that this advancement has almost entirely come 
in the last 100 years. ‘That is only two ten thousandths 
of the time man has been on earth. 

I have left to the last a discussion of why industrial 
organizations must carry on long expensive research 
programs and spend millions of dollars for permanent 
research facilities. There are undoubtedly a good 
many reasons that we have not set forth, but funda- 
mentally, the fact exists that at no time in history 
was there any indication that man was satisfied with 
his lot. Man is a pioneer. He has experimented with 
almost every phase of his existence, and has continu- 
ously sought for improved transportation, housing, 
food production, distribution, social organization, de- 
fense and health. This desire to achieve a closer ap- 
proach to what man considers perfection in all fields 
of activity is so fundamental that we can almost con- 
clude that it is a law of human behavior. 


Research Is Good Business 


Viewed from this standpoint, research is good busi- 
ness, and by an organized effort in this direction, we 
are making use of a fundamental law of human na- 
ture in satisfying the desires of mankind for constant 
progress. Competition certainly spurs industrial or- 


ganizations into this activity. As an example, no one. 


could compete in today’s automobile market with a 
1930 automobile, but competition itself is merely an 
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exemplification of the way research works to gratify 
the human desire for better things. 

Staying in business in a competitive economy mean; 
that research must be a successful division of the 
business, and that as such it has to be done with goox| 
business judgment. The good judgment demanded by 
research is the same that would be exercised with any 
other capital investment. Patience is required, be- 
cause research cannot be turned on and off like a 
machine. Once having.set your hand to the plow of 
research there is no turning back, because you have 
committed yourself to progress, and your customers 
will demand it. Tomorrow’s customers will have 
grown to expect even more from all of us in industry 
and if we wish their approval, and I hope their 
orders, the results of our research efforts will have to 
be better and more numerous than before. 

Research has sometimes been characterized as a 
gamble. In the sense that it is an investment in an 
enterprise with an unpredictable outcome, it is a 
gamble; but the fact that its success is dependent on 
the quality of its direction and execution makes it a 
game of skill rather than one of chance. The great 
industrial might of this country has been built on 
gambles of this kind, and it is becoming increasingly 
apparent that the biggest and riskiest gamble which 
industrial corporations can take is to do no research 
at all. 

Doing no research does not guarantee your present 
level of earnings. Your greatest need for research 
might not be to increase your profits but to main- 
tain them. Says Roger Williams, executive committee 
advisor on research at DuPont, “We do research be- 
cause we have to. If we let up, our competitors 
would trim us. Research is our insurance that our 
investment will continue to be profitable.” -Without 
research, your product may become hopelessly ob- 
solete, not by the same thing being offered at a lower 
price, but by a product entirely different which does 
the job in a new, and better—and cheaper—way. 

The men of engineering, the men of science, and 
the men of business and industry have always before 
them a dual purpose, whether all of them realize it 
or not. This purpose is to so serve their company 
that its competitive position in the industry shal] not 
be successfully challenged. In doing this, they also 
serve their country—so that the position of leadership 
of the United States shall not be successfully chal- 
lenged by any power on earth. We all know this. All 
engineers and men of industry in the United States 
are aware of this. They serve the ideals of the com- 
pany they work for, and plan for, and dream great 
dreams for. But behind every job well done, every 
plan well executed, and every dream of better things 
to come—is the working and the planning and the 
dreaming for the United States. 

Our ancestors took the great gamble—the gamble 
for their lives and their ideals when they came to this 
land. Pioneers—men and women willing and eager to 
stake their all. 

The men of industry in our country have inherited 
this great spirit—the willingness to pioneer. It has 
been said that to pioneer is to risk mistakes. Not to 
pioneer—is failure. The United States will not fail. 
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SOME THERMAL CONSIDERATIONS 
IN FOUNDRY WORK 


Victor Paschkis* 


Introduction 


EVERY HUMAN ENDEAVOR which persists over long 
periods of history creates a pattern of tradition which 
becomes the more set in its ways—or may we say ruts? 
—the older it becomes, the longer it is practiced. 
Progress is achieved not so much by ruthlessly aban- 
doning time-honored traditions, as by the willingness 
to hold up to critical examination by tlie best avail- 
able gauges the traditional patterns of action; and to 
maintain only those which prove to be acceptable by 
this test, while discarding all methods which in the 
light of present insights are no longer the best suited 
for the ultimate goal. 

In these times of continued danger of war, one 
might be tempted to consider che possibility of apply- 
ing this method of progress to the field of human rela- 
tions, particularly regarding the pattern—much too 
much ingrained by tradition—of settling differences of 
group opinion by force instead of reason. But we have 
to limit our considerations to the application of these 
thoughts to the art of casting, to the foundry trade. 

As soon as man knew how to melt metals, the pour- 
ing inte a desired shape—casting—became the natural 
way to obtain complex shapes of great strength. Only 
in modern times has foundry work found serious com- 
petition in the form of welding and brazing. In order 
to meet this competition, progress is needed; and pro- 
gress involves, as stated before, the critical review of 
the situation. This paper presents such critical review 
in one aspect of the casting field: that of heat flow 
and heat transfer. The foundryman is so accustomed 
to work with heat, that he is hardly aware of the heat 
—or thermal—laws with which he is dealing. But only 
by becoming aware of them, and recognizing them, 
can he hope to improve his methods in a systematic 
and economical way. Lacking such knowledge he has 
to rely on guessing and intuition, both of which have 
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their place in industrial life, but are frequently all too 
unreliable. 

It is known, that frequently an outsider looking at 
a problem may find suitable gauges and remedies, be- 
cause he is less hampered by tradition than the person 
who is in continuous touch with the problem. The 
author is aware, that he is an outsider in the field of 
foundrycraft—not having ever made a casting or even 
a mold; but for the past seven years he has been look- 
ing at foundry problems with the eyes of a heat trans- 
fer man and thus the views and impressions of a heat 
transfer man regarding foundry practice will form the 
main part of this paper. In modern industry results 
can be obtained only by teamwork and cooperation 
between many spécialists, one of whom, in foundry 
work, should be a heat transfer expert. Thus it is 
hoped, that the paper may not only serve as a gauge, 
but have some usefulness in building a science of 
metal casting to gradually replace the well perfected 
foundry art. 


|. Fundamentals of Heat Transfer 


1. Analogy to Flow of Liquid Metal—The foundry- 
man, who in the field of thermal relations finds it diffi- 
cult to accept the difference between “heat” and “tem- 
perature” and to visualize the rather abstract happen- 
ings of heat flow, may be helped by thinking ef some 
well accepted observations with regard to the liquid 
metal. Everyone will expect to see liquid metal flow 
from a ladle, when the latter is tilted above the shop 
floor, and will not expect to see metal flowing out, if 
the ladle were tilted within a bath of liquid metal. 
For example consider (Fig. 1) a small spoon ladle 
full of metal within a large transfer ladle, also full of 
metal: there is no difference of level between the 
metal in the spoon ladle and that in the transfer ladle. 

Metal will flow, if unobstructed, as long as there is 
a difference of level. Similarly, heat flow will occur 
always, if there is a difference of temperature levels. 
But, still referring to Fig. 1, the level difference be- 
tween the transfer ladle and the floor in the position 
shown does not lead to flow of metal, because ladle 
with its lining forms a complete barrier to the flow of 
metal (until a hole is burned in the lining and ladle). 
No such complete barriers to heat flow exist. Whereas 
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Fig. 1—Fluid Flow in Ladles. 


in the case of the ladle and the metal contained there- 
in, the resistance to metal flow is infinite, there does 
not exist any material or arrangement which results 
in an infinite resistance to heat flow. Thermal resist- 
ance can be large or small, but can never be either 
zero or infinite. 

The resistance to heat flow increases with length of 
path to be traversed by heat and decreases with the 
cross-sectional area of the heat path (similar to the 
way in which the resistance to metal flowing out of a 
melting furnace increases with the length of the spout, 
and decreases with the cross-section of the latter). 
Moreover, the resistance to heat flow depends on the 
material in which heat flow occurs. The property ex- 
pressing this dependence is called the thermal con- 
ductivity. The thermal conductivity indicates how 
many Btu (British thermal units) flow through a 
body having a cross-section of “one” (say square foot), 
and a length of “one” (say foot), if the two faces are 
exposed to a temperature difference of “one” (degree 
F). The significance of this concept of thermal con- 
ductivity (usually denoted by “k’) and the dimension 
of Btu/ft, hr, °F will be made clear in discussing the 
various thermal problems in the foundry. 

Another concept of heat flow, which is important, 
is fortunately much more familiar to the foundryman: 
specific heat. The latter indicates the amount of heat 
absorbed by the unit weight (1 Ib) of a material, if 
its temperature is raised one degree. It is expressed 
in Btu/lb, °F. More conveniently one should refer 
the specific heat to unit volume, instead of to unit 
weight. This figure is called “volumetric specific heat”’ 
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(Btu/cu ft, °F), and is found by multiplying the value 
of specific heat (Btu/lb, °F) by that of the density of 
the body (lb/ cu ft). We will denote the volumetric 
specific heat by c. The heat problems in which the 
foundryman is interested are almost all of the “tran- 
sient type” which is better known as the “unsteady- 
state”; in such problems temperatures vary with time. 
In transient type phenomena both & and c enter; in 
most instances only their ratio (k/c) is important, 
and in some instances their product (k.c). 

During solidification of metals the so called “latent 
heat of fusion” is given off. This “latent heat of 
fusion” acts in a similar way as if temporarily, that is 
over the range of solidification, the specific heat were 
increased. Heat of solidification is expressed in Btu 
lb; but in heat transfer considerations the product of 
latent heat x density enters; this has the dimension of 
Btu/cu ft. 

There is still one concept which we have to intro- 
duce. It was stated above, that whenever there is a 
level (temperature) difference, heat flow is bound to 
occur. Our concepts of conductivity and specific heat 
take care of the heat flow within a body. But if the 
surface of the body is at a temperature elevated above 
that of the surrounding, the body will lose heat to the 
surroundings: a casting, after the shakeout may have 
a surface temperature of 1400 F, and face a shop at- 
mosphere at 80 F. Heat flows from the casting to the 
air; the rate of heat flow depends on a number of 
items: the velocity of the air surrounding the casting, 
the nature of the surface (clean or scale) and the 


temperature level of the surface influence this rat 
Moreover, the rate of heat flow is greater if the tem- 
perature difference between surface and atmosphere is 
higher. Thus it is customary to characterize the rate 
of heat flow from the surface to the surrounding by a 
proportionality factor, h, called in the heat transfer 


language the “boundary conductance”; it is repre- 
sented by h, and expressed in Btu/sq ft, hr, ~F. 
Actually, as mentioned, the boundary conductance 
is not a constant, but depends on a number of vari- 
ables, mainly on temperature. However, this relation- 
ship is taken care of by a number of mathematical 
operations, which need not concern us here. 


2. Some Practical Consequences of Heat Transfer 
Theory—The properties introduced in the previous 
section are those which determine the nature of the 
thermal occurrences in foundry work, but only 
through complicated mathematical functions. 

Without going into theoretical considerations, it 
may be of interest to state one result of the science of 
heat transfer, which has applications in many fields of 
the foundry. 

The time required for a thermal occurrence in 
bodies of the same material and the same shape, but 
different size varies with the size in a definite relation- 
ship; this relationship lies between linear and square 
proportionality. What does that mean? 

Suppose two castings are made: both have exactly 
the same shape; the larger one has all dimensions ex- 
actly twice that of the smaller one. Similarly the mold 
dimensions for the larger casting are exactly twice as 
large as the corresponding ones for the smaller cast- 
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ing. Then solidification of the larger casting will 
occur in a time which is between twice and four times 
the time required for solidification of the small cast- 
ing. In most practical cases the figure “four’’ (square 
of the length ratio) is so close to the correct result 
that one can work with this figure. Similarly, if it is 
known that a core of a given shape and size takes, fon 
example, 2 hr to dry, then a core with all dimension 
trebled as compared with the first one, will take six to 
nine times as long to dry, than the small one. 

The usefulness of this approximate rule is further 
enhanced, if one introduces the concept of “critical 
dimension.” Assume (Fig. 2) that a car bottom type 
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Fig. 2—Illustration of a Critical Dimension 

















electric annealing furnace resulted in a satisfactory 
anneal. The heating resistors were placed on the four 
sidewalls, but not in the car bottom or roof. Now a 
larger furnace is being considered. A change of height 
will not call for a change in heating cycle; with only 
the sidewalls serving as heat sources, the height is not 
a “critical dimension.” But if length and width of the 
hearth are increased proportionately let us say to 1.5 
times their original values, the situation is different. 
Length and width are the critical dimensions, and 
hence the heating time has to be increased to be- 
tween 1.5 and 1.5 = 2.25 times the original value. 

The critical dimension, then, is that in which the 
heat flow occurs principally. By disregarding the non- 
critical dimensions we introduce a small inaccuracy, 
because there is practically never a dimension, in 
which there is “no heat flow.” The closer we approxi- 
mate the condition, i.e. the smaller, percentage wise, 
the heat flow in the non-critical dimension is, com- 
pared to that in critical ones, the closer our approxi- 
mation holds. 


Il. Heat Problems in the Foundry 


Flow Diagram—Thermal problems are more wide- 
spread in the foundry, than might be commonly ex- 
pected. Figure 3 is a flow diagram of a foundry using 


sand molds; operations which should be based at least _ 


in part on thermal consideration are marked by a 
star. One important item is omitted from the diagram, 
namely, the design of the casting; in designing a cast- 
ing, thermal considerations should very definitely 
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enter, although in most instances the designer is not 
aware of this. Also, some of the parts of the produc 
tion process are not customarily recognized as repre- 
senting “heat flow problems.” Therefore a brief review 
of the processes from a thermal angle may not be 
amiss. Inasmuch as much work has been done during 
the past several years on thermal aspects of solidifica- 
tion, the paper will deal primarily with this field. 

1. Design—Thermal considerations here include 
the difference in solidification times of sections of 
different thickness and shape, limits of thickness 
which can be cast and stresses to be expected as results 
of differences in solidification and cooling pattern. In- 
asmuch as these problems reappear below in various 
other sections no further discussion here is necessary. 

2. Melting—With a few noticeable exceptions, one 
may say, that the two predominant types of melting 
equipment in this country are the cupola and the ar« 
furnace. For producing malleable iron, a reverbera- 
tory-type furnace is widely used, known as “air fur- 
nace.” 

The cupola is considered, and rightly so, as the 
least expensive means of melting. But that does not 
mean, that for the quality obtained in the cupola, no 
lower melting costs can be obtained, than at present. 
Utilization of waste heat for preheating of air charge 
and fuel are already at least partly under considera- 
tion. Factors influencing the selection of wall thick- 
ness include: 

Mechanical strength of the cupola; 
Life of the refractories, governed in part by the 
inside surface temperature as well as the steep- 
ness of the temperature gradient in the wall; 
Heat losses through the lining. 
The latter two items are essentially thermal prob- 
lems. Similarly, selection of size of the pieces of charge 
and coke is in part a thermal problem. Means of tem- 
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perature measurement and elimination of errors in- 
curred in such measurements are but a few examples 
of points of possible further progress. 

In arc furnaces the electrode size is selected (mostly 
by the furnace builder) based on experience. It is 
not known, if the sizes which are selected are the most 
economical ones. Changes in size might result in more 
than power savings and in increased output. Spacing 
of the electrodes, length of arc, insulation of the lin- 
ing, thickness of the lining, and also the electric con- 
nected load (rate of power input), all have bearing 
on the furnace operation and economy and all are 
thermal problems. Core type induction furnaces, as 
used for melting in brass and aluminum foundries, 
operate frequently only during one or two shifts; but 
it is not practical to shut them down for the balance 
of the 24 hour day; hence they “idle” during one-or 
two shifts, and thus the problem of heat losses be- 
comes quite important. Yet next to nothing is known 
about them. A foundryman might argue, that this is 
the responsibility of the furnace builder. But this is 
a typical case of the responsibility being tossed back 
and forth between supplier (furnace builder) and 
user (foundry), with the problem remaining unsolved 
to the final detriment of both. 

3. Ladle—Ladles serve to hold the metal after tap- 
ping, and of course also for transfer of the metal to 
the mold. Thickness of the lining, degree of preheat- 
ing of the lining, time of holding and/or emptying, 
time between emptying and refilling, all influence the 
temperature at which the metal is withdrawn. With 
today’s knowledge of heat transfer, this influence can 
be expressed in reasonably accurate terms. Generally 
speaking, one can say, that, the temperature drop will 
be smaller, the smaller the ratio of k/c (thermal con- 
ductivity/volumetric specific heat) of the lining. 

Assuming that a ladle is filled in zero time, and 
also emptied in zero time, but held full or empty for 
finite intervals between the “filling” and “emptying,” 
one can make the following statement regarding the 
influence of times on temperature drop: provided 
that the ratio of “full time” /“empty time” is constant, 
smaller heat loss will be encountered, as the lengths 
of “full time” and of “empty time” drop. 

In order to illustrate this, reference is made to Fig. 
4, which represents schematically two different modes 
of operation of a ladle. Times are plotted as abscissas 
and the metal content of the ladle as ordinates. Inas- 
much as sudden filling and emptying is assumed, the 
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Fig. 4—Operating Schedule for Ladles. a/b = a,/b, 

is the expression for equal ratio of “full times” (a and 

a,) to “empty times” (b and b,). Process II results in 
smaller heat losses in the ladle than in Process I. 
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metal content rises from zero to its full value immc- 
diately: in the diagram it is indicated by the vertical 
lines for each “full” period. The length of the “full” 
and “empty” periods are indicated by a and b. The 
two modes of operation are indicated by I and I), 
both having the ratio of a/b. They differ by the 
length of a versus al and b versus bl. In the case of 
operation II the heat losses and therefore the temperz- 
ture drop of the metal in the ladle will be smalle: 
than at operation I, although the ratios of “full time” 
“empty time” are the same for operation I and II. 

4. Casting—The process of casting is the central 
part of foundry work. It involves the coordination of 
flow of the liquid metal and of flow of heat. Only if 
the two are properly coordinated can sound castings 
be expected. Metal can flow only, as long as it is 
liquid; hence the solidification times of the metal as 
it flows through the gate, sprues, runners, filling the 
casting, and risers are of utmost importance. As metal 
freezes along these paths, it decreases the available 
feeding area for liquid metal, and thus interacts di- 
rectly with the problems of liquid flow. Small wonder, 
therefore, that this part of the foundry work has 
received most attention from a thermal point of view. 
Some aspects of this work are discussed in part IV. 

5. Drying of Molds and Cores—Drying of cores and 
molds consists in raising their temperature so that 
either (in case of oil binders), oxidation takes place, 
which increases greatly with the temperature obtained, 


or the vapor pressure (water) is increased, to drive 


the vapor through the interstices between the indi- 
vidual grains of the sand. It is known, that an attempt 
to dry too rapidly will result in a hardened shell, 
which prevents the moisture of the layers at some dis- 
tance from the surface to escape; and the final result 
is a spoiled mold or core. Qualitatively the foundry- 
man is aware of these conditions. But he probably 
does not know, that heat transfer is advanced enough, 
to give quantitative answers to problems involved. 
Two remarks may be appropriate here. One refers 
to the apparently quite successful attempts to apply 
dielectric heating to the baking of cores. Dielectric 
heating results in a temperature distribution in the 
core, basically different from that obtained in conven- 
tional baking operations. Figure 5 shows schematically 
the temperature distribution in baking a core of thick- 
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Fig. 5—Schematic Temperature Distribution in Core. 
(a) (left) During Conventional Drying Operation. 
(b) (right) When Dried by Dielectric Heating. 
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ness L; the left Fig. 5a shows the distribution in case 
of conventional heatings: the highest temperature 
prevails at the outside, the lowest at the center. Hence 
the outside will dry first, forming a relatively hard 
crust with low permeability. As the thickness of the 
dry layer increases, complete drying of the wet center 
becomes incréasingly difficult. Remedy is possible, by 
drying in an atmosphere of controlled moisture con- 
tent thus delaying the drying of the outside. 

In case of dielectric heating (right Fig. 5b) heat is 
generated within the core; the temperature drop to- 
wards the surface is caused by the heat losses from the 
surface, and the highest temperature exists at the 
center. Because no hard dried crust of low permeabil- 
ity is formed on the outside, much higher heating 
rates can be applied. 

The second remark refers to a comparison of the 
heat flow in the sand while drying with that after 
pouring. When drying by conventional heating (Fig. 
5a) the flow of moisture and that of heat are in oppo- 
site directions: heat flows towards the center, and 
moisture towards the outside. Hence, the moisture 
carries part of the heat which had reached the inner 
parts of the mold back towards the surface. A de- 
creased apparent thermal conductivity of the sand re- 
sults. In case of the metal in the mold, the inside 
surface temperature of the mold increases rapidly, and 
drives the moisture towards the outside. The heat 
flow is in the same direction; consequently the flow 
of moisture supports the heat flow; an apparent higher 
thermal conductivity of the sand results (Fig. 6) . 
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Fig. 6—Heat and Moisture Flow in a Mold During 
Drying and During Solidification of the Metal. 


Ill. Methods of Making Thermal Studies 


1. On Thermal Studies—It was stated above that 
all too little is known about heat flow in foundry 
work. This becomes understandable indeed, when the 
various methods are surveyed, which could be used in 
making thermal studies. 

Before making such a survey, we should consider, 
what is meant by “thermal studies.’”” The ultimate 
goal of thermal studies is, of course, the production 
of better and/or less expensive castings. In order to 
approach this goal, it is first necessary to know pres- 
ent conditions; for example with reference to solidifi- 
cation, how, thermally, the casting behaves under the 
prevailing operating conditions: how long does it take 
different parts of the casting to solidify. After estab- 
lishing present conditions one has to find out which 
changes are required to obtain a more desirable ther- 
mal pattern. Obtaining of directional solidification, 
then, is a thermal problem. Knowledge and observa- 
tion of temperatures at prevailing conditions is a step 
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in the right direction, but not sufficient; it might be 
followed up by an attempt to change conditions—an 
attempt, best based on heat transfer knowledge. 


2. Direct Observation—Thermal studies, by direct 
observation imply therefore the possibility of meas- 
uring temperatures, and to change conditions at will. 
Both requirements are difficult to meet. Proper tem- 
perature measurements at very high temperatures and 
particularly of molten metal are difficult; most meas- 
urements are too inaccurate for any quantitative con- 
clusion, to be drawn therefrom. Change of conditions 
—e.g. providing molds of various thermal conductivity 
—is, for economic reasons next to impossible. The 
Same casting would have to be made over and over 
again. Because in shop practice it would be almost 
impossible to avoid secondary influences (e.g. minor 
changes in pouring temperature) which might becloud 
the results, a large number of tests would have to be 
run, that is, a large number of castings made, repeat- 
ing tests with supposedly identical conditions. Thus a 
Statistical average can be made, and then the various 
averages compared to detect the desired influence, e.g. 
the influence of mold conductivity on solidification 
rates. A list of these difficulties should include that of 
providing the desired variations (e.g. sands of vary- 
ing conductivity). 

To any practical foundryman it becomes obvious, 
that such systematic tests cannot be made in the shop; 
and even in specialized research laboratories they 
would be extremely expensive. 

3. Model Experiments—Another method is that of 
“model experiments”; they are essentially castings of 
the desired shape, scaled down as to size. The science 
of heat transfer permits, within certain limits, the 
correlation of the geometric scale factors with the 
time and temperature scales. Related to this technique 
is one in which the material in which heat flow occurs 
is replaced by another one which is preferable from 
some experimental aspect. An example for this latter 
method is the attempt to study solidification by means 
of wax models, replacing the solidifying metal by 
wax; the advantage here is, of course, the work with 
much lower temperatures. 

Quite apart from the limitation of accuracy, there 
still remains the need to make a large number of ex- 
periments, and compare statistical averages, rather 
than individual experiments. 

4. Mathematical Methods—Besides these two meth- 
ods there is only one left: that of mathematical an- 
alysis. However, there are a great number of different 
techniques, of greatly varying practicability. 

What might be called the “classical mathematical 
approach” includes setting up a general equation, cov- 
ering a problem, and solving this equation. Mathe- 
matical science does not as yet permit a general solu- 
tion for the complete range of conditions prevailing 
in solidification. 

In case of solidification, approximate solutions have 
been developed, which either disregard the finite 
thickness of casting and/or mold'; the difference of 
thermal properties between liquid and solid state? 
(let alone the fact, that actually these properties vary 
continuously), but irregularly, with temperature, so 
that the assumption of “a value” for liquid and an- 
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other value for solid metal already represents a simpli- 
fication); formation of the air gap, etc. In fact, there 
are so many simplifications, as to make the results, 
practically, next to useless. But notwithstanding these 
simplifications the mathematics becomes in too many 
instances too involved for the foundryman, who has 
but little time to spare for such theoretical work. 

Another group of mathematical techniques include 
graphical analysis, probably first introduced by E. 
Schmidt* and then elaborated by Nessi and Nisolle*; 
and finite difference methods, worked out in detail by 
R. V. Southwell® and applied to thermal problems 
particularly by H. Emmons® and G. M. Dusinberre.* 
All these techniques are rather lengthy, and require 
considerable familiarity on the part of the user so that 
they are hardly useful to the foundryman, who lacks 
daily touch with mathematical technique. 

If then, no research methods are available, which 
the foundryman can apply directly he has to use the 
help of heat transfer specialists. Of the methods men- 
tioned above, the “classical mathematical approach” 
is hardly available even to the mathematician. Graph- 
ical methods are lengthy. Finite difference methods 
may be eventually perfected for sufhciently accurate 
application to solidification problems. 

All foundry problems have a large number of vari- 
ables; e.g. in case of the problem, as to how solidifica- 
tion progresses—even in as simple a shape as a cylin- 
der, the following variables enter: diameter and 
length of casting; thickness of mold; thermal con- 
ductivity and volumetric specific heat of the cast 
metal, in the liquid and solid state; heat of fusion of 
metal; pouring temperature; liquidus and solidus tem- 
peratures; thermal conductivity and volumetric speci- 
fic heat of mold; width of air gap between casting and 
mold; time when this air gap forms; boundary con- 
ductance between outside of mold and surrounding 
air. Such a list makes it understandable, that for most 
foundry problems the mathematical solution is not 
known. 

All the methods mentioned before, even when de- 
veloped would be cumbersome in solving for a sufh- 
cient number .of values of all variables involved. 
Therefore a method should be described, which has 
proven successful in studying thermal problems in 
foundries: that of using an analog computer. Because 
of the importance which this technique has gained, 
it will be dealt with in a separate section, although 
it is a “mathematical method.” 

5. Analog Computer—Certain groups of phenom- 
ena in nature follow the same mathematical laws, 
although they seem to be physically quite unrelated. 
In all such cases it is possible to carry out measure- 
ments in one physical field, and apply the result to 
the other field, which follows the same laws. This, 
essentially, is the basis for the analog computer. For 
reasons not known, the flow of heat by conduction in 
bodies and the flow of electric current in bodies with 
evenly distributed resistance and capacitance follow 
the same mathematical laws. For complex conditions, 
such as in casting work, it is not possible to solve the 
mathematical equations of the equivalent electric cir- 
cuit; but if the analogous electrical process is carried 
out, nature makes the solution for us, and by measur- 
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ing the electrical results, we can obtain the results of 
the thermal analogous problem. In actually building 
the electrical analogous circuit one “trick” is used, 
which is common in electrical engineering: that of 
sectioning or “lumping.” One thinks of the body, in 
which heat flow occurs,—casting and mold—as being 
divided into a number of sections or lumps; and with- 
in each lump we consider the thermal properties to 
be concentrated in axis and center (the specific heat 
and heat of fusion in the center; the thermal resistance 
in the axis). 

Some details of the technique are shown in the 
appendix, and can be omitted by the reader, not inter- 
ested in them: he need no more understand the intri- 
cacies of this computing device in order to make good 
use of its results, than he need to know the details of 
the working of a bus, before boarding it to get to his 
destination. 

Here several general aspects of this method should 
be considered. 

a. ‘The method allows us to apply a time scale. 
The iength of the individual electric “computation” 
experiments is usually in the order of magnitude of 
between 5 and 15 minutes. Solidification of very thin 
castings, which freeze in much shorter times (e.g. die 
castings) can be studied, by “blowing up” the time 
by taking a “slow motion picture” of the happenings; 
by applying a time scale studies of very large castings, 
which may freeze only in hours are reduced to last a 
few minutes. 

b. As in any computing technique, one can arbi- 


Fig. 7—Part of the Frames with Capacitances and 
Resistances. 
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Fig. 8—Part of the Instrument Frame. 


trarily limit variations of conditions in any one com- 
putation to one variable, whereas in direct experi- 
ments accidentally more than one variable changes; 
if, e.g. the influence of pouring temperature is to be 
studied, variations of composition of dryness of the 
mold of sand properties mar the picture; a number 
of castings have to be made to obtain a statistical aver- 
age. In any computing technique this need of many 
tests, required to allow statistical averaging, is elim- 
inated. 

c. As in any computing technique, one can intro- 
duce values for the variables, independent of their 
occurrence in nature. For example, one can introduce 
“complete insulation” (no heat transfer) across any 
desired face; or “zero thermal resistance’ as another 
limit. Thus one can establish what happens in limit- 
ing cases; moreover, this possibility of selecting any 
arbitrary value for the different properties enables 
one to explore desirable materials. Consider the pre- 
vious example of sand conductivity, in case of the 
analog computer one need not attempt to find many 
sands with varying conductivities. One can determine 
on the computer first, what value of conductivity 
would be desirable, and then later limit the search for 
sand to the one with approximately the best value of 
conductivity. 

d. One can measure temperatures and rates of heat 
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flow, accurately at any desired point in the body 
There are no difficulties of inserting thermocouples, 
speed of the instrument etc. 

The Heat and Mass Flow Analyzer at Columbia 
University is such an analog computer, it looks like 
a large telephone exchange* (Fig. 7 and 8) , consisting 
of racks with electrical equipment and measuring in- 
struments. Provision is made for a rapid change of cir- 
cuits in order to allow presentation of many different 
problems. Problems regarding the foundry industry 
have been carried out over the last seven years in a 
cooperative program with the American Foundry- 
men’s Society. 

In the following section some of the work carried 
out on foundry problems so far on the Heat and Mass 
Flow Analyzer is reviewed. 


IV. Thermal Studies with the Heat and Mass Flow 
Analyzer 


1. First Comparison Between Analyzer and Casting 
Work—In 1944 the American Foundrymen’s Associa- 
tion set up a Heat Transfer Committee which super- 
vised the work reported hereafter from the foundry 
aspect. The Committee decided first to investigate 
prediction of solidification rates found from “bleeding 
tests’ (“pour out tests’’) made by K. L. Clark. On the 
Analyzer an “infinite” slab was investigated, having 
no end or corner effects. Clark used slabs of 2 in. x 6 
in. x 2 in., 4 in. x 8 in. x 8 in. and 6 in. x 12 in. x 12 
in., to obtain data on different thicknesses assuming 
that the size of the slabs is sufficient to preclude end 
effects. Castings were made in part in sand, in part 
against a chill which was backed by sand. Properties 
of steel and sand which had to be used in the electric 
computation experiments were selected as carefully as 
possible. For details, reference is made to the original 
publication.® Here it is sufficient to deal with a few 
points. 

a. All concerned expected to find correlation be- 
tween the bleeding tests and the Analyzer curve for 
the “solidus.” To understand this remark it should 
be remembered, that the Analyzer produces merely 
curves, relating position, time and temperature, but 
has no way of indicating in what state the metal is at 
any given point or temperature. The latter informa- 
tion is determined by metallurgists. 

Thus one curve may be taken showing for each 
position the time necessary to reach the liquidus and 
another curve showing the time to reach the solidus. 
Contrary to expectation the curve obtained from the 
bleeding test correlating solidification thickness with 
time after pouring checked well with the Analyzei 
curve for the liquidus (see V-1). 

b. Because of the high thermal resistance of the 
sand, the additional resistance of the air gap has rela- 
tively small influence on the rate of solidification; 
thus, even if such gap is assumed to exist, the time, 
when it is formed, does not appear to be significant. 

In case of casting against a chill however, the 
added thermal resistance of the gap is large compared 
with that of the chill. Hence, the estimated time 
when the air gap forms is important. On the Analyzer 
this time can be selected arbitrarily; that is one can 
easily obtain results for different estimated times of 
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“air gap formation.” It was found, that if the time 
was assumed to vary with the square of the thickness 
of the cast slab, satisfactory check with Clark’s work 
was obtained. 

c. The thermal resistance of the air gap between 
outside surface of the casting and the inside surface 
of the mold depends on the difference of the fourth 
powers of the temperatures of these two surfaces. It 
was found that this difference was quite constant and 
therefore the thermal resistance of the air gap does 
not change much during solidification. 


2. Influence of Properties and Pouring Tempera- 
ture—aAs the next step, computations on the Analyzer 
were carried out, in which all steel properties and the 
pouring temperature were varied arbitrarily over a 
wide range. For details, again reference is made to 
the original paper.'® The following observations may 
be of interest: 

a. Times to reach both liquidus and solidus change 
markedly with pouring temperature (the latter being 
understood, as the temperature at which the steel 
enters the mold, the filling time of the latter being 
assumed to be zero). 

b. As far as reaching the liquidus is concerned, 
heat of fusion has but little influence. Times change, 
very roughly, proportionally to specific heat and con- 
ductivity, for the latter slightly less than for the 
former. Solidification range has great influence. 


c. As far as reaching the solidus is concerned, soli- 


dification range is of only small influence; heat of 
fusion changes the time to reach the solidus greatly. 
Conductivity has almost no influence, and specific 
heat has a smaller influence on the time to reach the 
solidus than on those to reach the liquidus. 

What do these findings mean for the practical 
foundryman? Inasmuch as properties for different 
steels do not vary greatly, he can transfer his exper- 
ience from one composition to the ‘other with reason- 
able accuracy. But he must pay strict attention to 
the pouring temperature and in practice also to the 
pouring time. The latter influences the temperature 
with which the steel ultimately reaches the mold; and 
this temperature is the one, which decides solidifica- 
tion time. 


3. Freezing of Steel Spheres—Proceeding with ex- 
periments with steel (chronologically other experi- 
ments were taken first), a series of tests on steel spheres 
was run.'! These tests served to compare Analyzer 
work against a previous publication by Briggs and 
Gezelius.'? Based on the recognition of the import- 
ance of the pouring temperature (see 2) experiments 
were run separately for different pouring tempera- 
tures. 

a. The check with the values of Briggs is good, 
except in case of a pouring temperature of 2740 F. 
With so small a degree of superheat the minor 
changes in pouring temperature will result in great 
changes of solidification times. Hence, conceivably 
small errors in determining the “2740” by Briggs 
might account for the discrepancies between his and 
the Analyzer’s findings. 

4. By using the experiments! for comparison, one 
can compare the time for the center to reach the 
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liquidus and the solidus in the case of a slab and in 
the case of a sphere. The original paper contains the 
comparison of values for reaching the liquidus; the 
comparison of those for the solidus have been con.- 
puted in the meantime. Both for slab and for sphere 
the solidification times increase with pouring temper- 
atures. But the increase, percentage wise, is less for 
the sphere, than for the slab. The difference between 
slab and sphere is less marked for the solidus (9.6/6.5 
= 1.48), than for the liquidus (3.27/1.47 = 2.22), 
(see table) . 





Time toreach Ratioof Time to reach Ratio of 
Pouring the Liquidus, Times the Solidus, Times 
Temp., °F sec. Slab/Sphere sec. Slab/Spheve 


2740 316 215 A7 2930 450 
3010 1105 338 27 5800 600 








/ 4, Comparative Solidification Studies—Having data 
on spheres and slabs, comparative studies including 
cylinders were made, particularly in view of the paper 
by N. Chworinoff!* which is finding considerable inter- 
est in America. 

Chworinoff states the following: 

a. Any two castings having the same ratio of vol- 
ume/area (V/A) should solidify at the same time. 

b. The time for complete solidification of two 
castings varies proportional to the square of the 
ratio (V/A). 

Accepting the liquidus as freezing point, as seemed 
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Fig. 9—-Time to Reach the Liquidus for Different 
Shape Factors (volume /area). 
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obvious from the bleeding tests, it was found that 
Chworinoff’s relationship does not hold. 

Figure 9 shows the summary of the experiments. 
Values of volume/area were plotted as abscissa, times 
to reach the liquidus were plotted as ordinates. 

Six curves are shown, three of which hold for a 
pouring temperature of 3049 F (curve 1, 3, 5) and 
the other three for a pouring temperature of 2862 F 
(curve 2, 4, 6). Two curves (1 and 2) hold for spheres 
two for cylinders (curves 3 and 4) and the last two 
for slabs (curves 5 and 6). 

No further discussion of this set of tests will be 
made here because of the recognition obtained since 
completion of the tests that bleeding tests are not 
reliable in determining solidification. 


5. Influence of Sand Conductivity (Dry Sand)—In 
all investigations up to that time the conductivity of 
the sand was considered to be constant, namely, k = 
0.9 Btu /ft, hr, °F. 

Investigations, mainly by Lucks and co-workers! 
showed that conductivities of sand might be much 
lower than this value and that conductivity changes 
quite a bit with temperature. Therefore one pro- 
gram! was carried out to investigate the influence of 
sand conductivity on solidification rates of steel. The 
analysis was made for a steel slab 4 in. thick, covered 
on either side by a layer of sand 5 in. thick. The 
slab was considered to be so long that no end ef- 
fects occur. The results of the tests are summarized 
in Fig. 10. Figure 10 shows the times for the center 
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Fig. 10—Influence of Sand Conductivity (Dry Sand) 
on Solidification Times. 


of the slab to reach the liquidus and the solidus (two 
curves) plotted against the average conductivity of 
the sand. Two points are of interest. 

a. The influence of conductivity on the solidifica- 
tion time is greater for the solidus than for the 
liquidus: comparing the times for the center to reach 
the solidus we find a ratio of 6050 sec/3400 sec = 1.78 
for the values of sand conductivities of k = 0.9 and 
k = 0.208 respectively; whereas for the times to reach 
the liquidus the ratio is only 780 sec/570 sec = 1.36. 
Thus the sand properties are of considerable interest 
for complete solidification. 

b. The influence of the conductivity becomes more 
pronounced at conductivity values below 0.65. Above 
that the changes are much less marked. 
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c. The conductivity of all sands increases markedly 
with temperatures. This is understandable because 
the term “conductivity” for sand is an approximation: 
the figure actually represents an apparent conductivity 
including the phenomena of conduction between in- 
dividual sand particles and radiation across the inter- 
stices between the sand particles; the radiation effect 
obviously increases at elevated temperatures. 

Therefore in computations the change of sand con- 
ductivity with temperature should be taken into ac- 
count; or, where this is too cumbersome, great care 
must be taken in selecting the average conductivity. 


6. Influence of Moisture in Sand on Conductivity- 
A later step in our investigation deals with the in- 
fluence of moisture on the solidification. When cast- 
ing in moist sand, the moisture is driven towards the 
cold surface. This occurs by evaporating the moisture 
in layers near the hot surface; the steam thus formed 
flows through the pores and condenses as soon as it 
reaches portions of the sand which are at temperatures 
below the boiling point of water. ‘The heat of evapor- 
ation acts as a heat drain: more heat flows to a section 
of sand at the same temperature at which no evapora- 
tion takes place. The apparent conductivity of the 
sand is thus increased. 

The representation of this process on the Analyzer 
is quite complex; therefore in the computation car- 
ried out on the Analyzer to date, a constant surface 
temperature on the casting-sand interface was as- 
sumed, whereas actually this temperature changes dur- 
ing solidification. 

For this simplified condition (constant interface 
temperature) it is found, that the influence of moisture 
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disappears after relatively short time and that the in- 
fluence is more marked at lower temperatures than at 
high ones. Figure 11 expresses the ratio of heat ex- 
traction from the “ideal” casting (‘‘ideal’ because the 
interface between casting and mold is assumed to re- 
main at constant temperature) in moist sand to that 
in dry sand of otherwise unchanged properties; this 
ratio is plotted against time. 

It is obvious that moisture will exert an influence 
on the formation of a solidification skin but will 
hardly influence freezing to great depth. 

Additional work on this problem is being carried 
out. 


7. Experiments For Materials Other Than Steel— 
For the sake of completeness it should be mentioned 
that work has also been carried out on the rate of 
solidification of white cast iron’? and of aluminum.!§ 
In case of white cast iron, check with bleeding tests is 
poor.'7;18 But it was found that the bleeding tests 
themselves were difficult to carry out and in view of 
the later research and observations regarding bleeding 
tests (V-1) the validity of the bleeding tests them- 
selves may be questioned. 

The check in case of aluminum was good. These 
tests are worth mentioning because aluminum, as pure 
metal, freezes at one temperature rather than over a 
temperature range as steel and other alloys do. Freez- 
ing at constant temperature requires a different tech- 
nique on the computer; the fact that aluminum tests 
also match direct observations is an added proof for 
the correctness of the Analyzer. 


V. Some Open Problems 


Obviously the seven years work on the Analyzer 
may be considered only as a beginning. Therefore 
the two problems which are discussed below are not 
meant as a complete list of unfinished business but 
merely should point to regions of inquiry which seem 
at present particularly pertinent in view of the latest 
findings. 

1. Solidus and Liquidus as Freezing Point—As stated 
above in Section IV, the comparison of temperature 
curves taken on the analog computer with results from 
bleeding (pour out) tests seemed to show that solidi- 
fication is completed when the liquidus is reached. 
This was quite unexpected; but good correlation of 
Analyzer tests with observations of three different 
observers seemed to preclude any error. In the mean- 
time, R. W. Ruddle,'® in his excellent review of the 
solidification problems questions the validity of bleed- 
ing tests. Almost at the same time W. S. Pellini and 
H. F. Bishop at the Naval Research Laboratory in 
Anacostia, Washington, D. C., raised similar questions. 
Moreover, Pellini and Bishop verified by actual temp- 
erature measurements (discussion to Ref. 15), the 
correctness of the curves found on the Analyzer. They 
included in their check both the liquidus and solidus 
curves; in other words they found that the times re- 
quired for different points in the casting to reach the 
liquidus and to reach the solidus were the same as 
those predicted on the Analyzer. 

In view of those two observations (Ruddle, and 
Pellini and Bishop) one seems justified to disregard 
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bleeding tests as means to predict solidification rates 
and to rely only on temperature measurements and 
predictions. 

Accepting this, two questions arise. 


1. Comparative Solidification Times—Chworinoff': 
makes two statements in this connection, both related 
to the ratio volume/area which may be called shape 
factor (S). 

a. Bodies having the same shape factor solidify in 
the same time independent of their size or individual 
shape. 

b. Solidification times vary proportionally to the 
square of the shape factor. 

In previous publications from the Analyzer labora- 
tory, it was stated that his predictions do not check 
with the findings on the computer. This statement 
needs re-examination since it was based on the as- 
sumption that the freezing point coincides with the 
liquidus. Accepting the solidus as freezing point ma\ 
influence the statement. 

Chworinoff in his Fig. 19 presents a graph in which 
solidification times are plotted against the shape fac- 
tor; he uses a log-log scale and obtains for a large 
number of different castings a straight line relation- 
ship between ordinate and abscissa, which in view ol 
the scales used, indicates validity of his square law 
(b). The range of shape factors examined by Chwor- 
inoff is very wide: the lowest value is S = 0.19 and 
the largest value which can be read on his graph 
definitely is S = 5 near the upper end of the abscissa 
scale. There are a few points still beyond the § = 5 
but no dimensions are shown for these other readings. 
Based on his scale it should be S = 7.5. The values 
given here (0.19, 5, and 7.5) are in inches whereas 
the original graph is in millimeters. 

The ratio of the largest to the smallest S value on 
Chworinoff’s chart is 5/0.19 = 26. 

Tests on the Analyzer are available so far only for 
slab and sphere. The shape factor, S, has the dimen- 
sion of length, and can conveniently be expressed as 
multiple of the smallest dimension, D, of the shape. 
In case of sphere or cylinder, D denotes the diameter: 
in case of a large slab (with no edge effects) it de- 
notes the thickness and otherwise the smallest di- 
mension. 

In case of finite slabs, S approaches zero as D be- 
comes smaller and smaller: the surface of a sheet may 
be quite large, but if the thickness is small the vol- 
ume becomes small too. 

For a large slab (no edge effects) one finds readily 
Sp = Dp/2. For a sphere the value is Ss = Ds/6. 
The subscripts P (plate) are used for the slab and S 
(sphere) for the sphere. Hence the ratio Sp/Sg = 3. 

Examining any pair of slabs or spheres of the same 
dimension D, will result in a ratio for values S of 3:1. 

For the same shape—whatever the shape may be, 
sphere, cylinder, slab, etc.—the “square law’ is cor- 
rect provided that all dimensions including those of 
the mold changed proportionally. That means that 
if a sphere of 3-in. diameter is compared with one of 
6 in., the solidification time of the latter will be fow 
times as long as that of the former; provided that the 
dimensions of the mold have changed in the saine 
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ratio and provided the same temperature and same 
metal is being used. 

For different shapes however, so far only a compari- 
son between slab and sphere is possible having as men- 
tioned, a ratio of shape factors of 3. A comparison has 
been carried through of a slab of 4-in. thickness (no 
edge effects) with a sphere of 12-in. diameter. The 
two having the same shape factor should freeze in 
the same time. Their solidification times, taken as 
the times for the center to reach the solidus are shown 
in Table 1; the first column contains the pouring 
temperature, the second the solidification time of the 
sphere, the third that of the slab and the fourth the 
ratio of the two. As stated, according to Chworinoff 
the solidification times should be identical, or this 
ratio should be one. It will be seen that at high pour- 
ing temperatures this ratio as postulated by Chworin- 
oft is closely maintained whereas at low tempera- 
tures the difference between the actual ratio and the 
postulated ratio is quite appreciable. 

TABLE 1—COMPARISON OF SOLIDIFICATION TIMES OF A 
LARGE SLAB (NO EDGE EFFECTS) WITH A SPHERE, BOTH 
HAVING THE SAME VALUE OF VOLUME/AREA 





Pouring Temp., Times to Reach Solidus, sec Ratio 


oF Slab Sphere ' Slab /Sphere 








3010 1600 4320 1.06 
2900 $900 3920 0.99 
2820 3280 3520 0.93 
2800 3100 3400 0.91 
2740 2375 3280 0.73 





It must be remembered that the accuracy of tests at 
small degrees of superheat is reduced. But even dis- 
counting this possible source of error, and accepting 
also the ratio of 0.73 at 2740 F as correct, it is sig- 
nificant to compare this value with the one obtaining 
for the times to reach the liquidus. At a temperature 
of 2740 this ratio is only 0.16. 

Thus it is possible that Chworinoff postulated his 
rate based on observations at relatively large degrees 
of superheat only. 

2. Air gap—The formation of an air gap in case of 
casting against chill causes a considerable change in 
rate of solidification. So far it has been difficult to 
determine the time when such air gap forms. Since 
the technique of temperature measurements in liquid 
steel have been developed and are practical, as Pellini 
and Bishop show, it may be possible to use the Analy- 
zer to determine the time for formation of the air gap. 
This time has considerable influence on the rate of 
solidification, although percentage wise it is less im- 
portant than previously assumed. The air gap time 
influences the time to reach the liquidus more, than 
it does the time to reach the solidus. 

For example, in case of a 2-in. casting backed by a 
3-in. chill, which in turn is backed by 5 in. of sand, 
the time to reach the liquidus increases from 180 
seconds to 270 seconds, if the air gap time is reduced 
from 36 to 9 seconds. The increase is roughly 50 per 
cent. The same decrease of air gap time changes how- 
ever the time for complete solidification (time to 
reach the solidus) only from 420 to 540 seconds; a 
change of 28 per cent. 
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Fig.12 —Rod Subjected to Heat Flow. 





APPENDIX 


In order to explain the working of the Heat and 
Mass Flow Analyzer,”° consider a rod, Fig. 12, which 
is completely insulated on the sides, so that heat flow 
can occur only parallel to the axis. Let the rod be 
initially at constant temperature throughout and at 
time zero a high temperature be impressed on one end 
while the other is maintained at its original tempera- 
ture. Then the rod will slowly increase in tempera- 
ture until, in steady-state, a straight line temperature 
distribution occurs with the highest temperature at 
the hot surface and the lowest at the cold surface. The 
differential equations for the temperature rise with 
time at any point in the rod are the same as the dif- 
ferential equations for the increase in electric poten- 
tial if an electric conductor with evenly distributed 
resistivity and capacity is suddenly exposed to a volt- 
age difference. 

Therefore one could study the time-temperature his- 
tory by observing the potential increase in a suitable 
electric conductor. 

Instead of attempting to find such a conductor with 
the appropriate properties, the “lumping technique” 
is used which has been mentioned in the text. This 
consists in considering the rod being divided into sec- 
tions or lumps as indicated in Fig. 12. Within each 
section the resistance is considered to be concentrated 
at the axis, and the capacitance in the center. 

Thus a simple electric network as shown by the 
solid lines in the “box” of Fig. 13 represents the rod 
shown in Fig. 12. 

Between the electric computing circuit and the heat 
flow problem certain analogies exist, which are ob- 
vious from the identity of the equations. 

















PS—Power Supplies 

R —Resistors representing resistance to heat flow 

C —Capacitance representing heat storage capacitance 

F —Devices to feed current in representing internal heat sources 


Fig. 13—Equivalent Electric Circuit to Represent Rod 
Shown in Fig. 12. 
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These analogies are as follows: 

temperature voltage (potential) 

rate of heat flow current 

thermal capacitance electric capacitance 

(volumetric specific heat x volume) (condenser) 

thermal resistivity 

(1/conductivity) electric resistivity 

To the circuit shown in the box of Fig. 13 various 
elements have to be added to represent different con- 
ditions. For example, if the rod is heated up as des- 
cribed above, connections are made as shown by dash- 
dot lines in Fig. 13. If instead, the rod is heated by 
internal heat sources, such as dielectric heat and 
cooled to the outside, a circuit would be fed as shown 
by the broken lines in Fig. 13, and closed as shown 
by the dash-dot lines omitting the power supply PS. 

If heat flow is in more than one direction, a net- 
work of resistors has to be used. One element of such 
network for two-dimensional heat flow is shown in 
Fig. 14a, for three-dimensional heat flow in Fig. 14b. 


Top 
Top 


iT 


Ground = 
— 


Ground 


A B 


Fig. 14—(Left) Element of Network to Represent Two- 
Dimensional Heat Flow; (Right)—Three-Dimensional 
Heat Flow. 


Further refinements refer to the changing of prop- 
erties between liquid and solid. Instead of having in 
each section one capacitance and two resistors (one 
on either side of the capacitor) each section has sev- 
eral resistors and capacitors. Figure 15, for example, 
shows one section each of the steel and mold circuits 
for a one-dimensional casting experiment. (A one- 
dimensional experiment is one for a slab, disregarding 
end effects, or a long cylinder, or a sphere. Actually 
the heat flow in the two latter shapes is three dimen- 
sional. For mathematical reasons the one-dimensional 
circuit can be used for all three cases.) ‘Three capaci- 
tances are shown: one to represent the specific heat in 
solid state, another to represent the difference between 
heat storage capacities in liquid and solid state and 
the third represents the heat of fusion. The release of 
the heat of fusion while the metal temperature drops 
from the liquidus to the solidus temperature may be 
represented by an increase in apparent specific heat 
during that period. The resistances next to the capaci- 
tance represent the thermal resistance in solid state, 
and the outside resistors the difference between the 
thermal resistance in liquid and solid state. 

As the temperature (voltage) of each section de- 
creases from the initial “pouring temperature,” the 
following changes have to be made. 


THERMAL CONSIDERATIONS IN FOUNDRY WorK 


When the voltage (temperature) reaches the liquid- 
us the “heat of fusion capacitance” is inserted into the 
circuit. 

When the voltage has dropped to the mid-point be- 
tween liquid and solid values, the properties (re- 
sistance and capacitance) are changed from their “li- 
quid” values to their “solid” values. This implies 
shortening the two other resistances, because the 
thermal conductivity of liquid metal is higher than 
that of solid metals; it also implies the disconnecting 
of the difference capacitances which represents the 
difference between liquid and solid specific heat. 

When the voltage drops to the solidus point, the 
“heat of fusion capacitance” is taken out of the cir- 
cuit. 

In case of pure metal no “heat of fusion capaci- 
tance” is inserted. Instead, when the voltage (temper- 
ature) of any section has dropped from the pouring 
value (temperature) to the solidification point it is 
connected to a constant voltage supply which feeds 
current into the circuit at that point. The current 
represents the rate of heat generation by the latent 
heat of fusion. This power supply is held in contact 
until enough current has drained into the circuit to 
represent the entire heat of fusion. 

An air gap between casting and mold is represented 
by a resistance between the end of the casting circuit 
and the beginning of the mold circuit. 

As mentioned in the text a time scale can be in- 
troduced when using the Analyzer. This is done by 
appropriate choices of electric resistances and capaci- 
tances to represent given values of thermal properties. 


CASTING CIRCUIT 
AIR GAP . 
MOLD CIRCUIT Swi Sw.3 
~~ a, 











Resistors a represent thermal resistance in solid state 
Resistors b represent difference in thermal resistance between 
liquid and solid state 
Capacitor ¢ represents heat storage capacity in solid state 
Capacitor d represents the difference in heat storage capacity 
between liquid and solid state 
Capacitor e represents heat of fusion 
Switch (SW) 1 is closed initially and is opened as soon as the 
air gap forms 
Switch (SW) 2 is initially opened and is closed when the voltage 
(temperature) has dropped to the value of the liquidus 
At a voltage half way between that representing liquidus and 
solidus switches (SW) 3 are closed, thus representing an increase 
in conductivity upon solidification and switch (SW) 4 is opened 
according to a decrease in specific heat. 
Capacitances c and d are precharged before the experiment to a 
voltage representing the pouring temperature. Capacitance e is 
precharged to a voltage corresponding to the liquidus; the 
capacitance in the mold circuit is either uncharged or, in case 
of a preheated mold, precharged to a voltage corresponding to 
the mold temperature. 


Fig. 15—End Sections of “Casting Circuit” and “Mold 
Circuit.” 





\’, PASCHKIS 


Physically the laboratory consists of a large number 
of resistors and capacitors so arranged that an un- 
limited number of different connections can be made 
conveniently and in short time. In addition, of course, 
the necessary power supply and measuring devices 
are provided. 
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BASIC CUPOLA MELTING AND ITS POSSIBILITIES 


By 


E. S. Renshaw* 


ABSTRACT 

The use of a basic-lined cupola as part of a production unit 
is described and experience gained in operating with basic slags 
is discussed. Slag conditions which favor desulphurization to 
low limits also give high carbon pick up in low-carbon charges 
and the possibility of taking advantage of these factors is dis- 
cussed with particular reference to nodular iron production. 
Additional refractory cost may prove to be justified if sub- 
sequent processing cost is lowered by reducing the quantity 
of alloy required for ladle treatment. Reference is made to 
water-cooling as a means of reducing refractory erosion and 
offering the possibility of operating with slags of higher basicity. 


THE IMPORTANCE OF THE CUPOLA FURNACE to 
the foundry industry cannot be overstressed and the 
economic advantages of this type of furnace will en- 
sure its continued use for many years to come. By 
virtue of its apparent simplicity it has, in general, 
fulfilled the requirements of the industry and being 
continuous in operation, has fitted into the pattern 
of molding continuity. The main limiting feature of 
the cupola and the factor which distinguishes it from 
the bath-type furnace is that chemical reactions can- 
not be invoked at will within the furnace itself. Con- 
sequently the required metal composition is obtained 
by simple calculation of charged elements, allowances 
for inevitable losses and gains of these elements being 
made on the basis of previous performance under a 
given set of standardized conditions. 

The established practice of acid cupola melting has 
resulted in little interest being taken in the effect of 
slag composition and the role of slags during the melt- 
ing operation. Work carried out on the basic cupola 
on the other hand, has revealed the importance of 
slag chemistry and the possibility of promoting desir- 
able reactions not hitherto obtainable. Published re- 
ports have shown that sulphur reduction by basic 
slag operation is substantial and controllable. Indica- 
tions of considerable carbon absorption, well in ex- 
cess of that obtainable in the acid cupola, have been 


* Ford Motor Company, Limited, Dagenham, England. 
Official Exchange Paper from the Institute of British Foundry- 
men to the American Foundrymen’s Society. It was sponsored by 
the Gray Iron Division and presented at a Gray Iron Session 
at the 55th A.F.S. Convention in Buffalo, April 26, 1951. 


reported but control of the extent of this pickup has 
not been studied in detail. Dephosphorization has 
been attempted but with limited success and much 
work remains to be done on this aspect before a com- 
mercial process could be developed. 

It is the purpose of this paper to give details of an 
example where the basic cupola has been successfully 
employed; to report observations as a result of produc- 
tion experience, assessing its value for future applica- 
tion and indicating the direction in which develop- 
ment might usefully proceed. 


Production Cupola 


The earlier work on basic melting conducted in 
the author’s foundry! resulted in the method being 
adopted for production and a basic cupola has been 
in constant daily use for several years. Details of the 
cupola lining are shown in Fig. 1. Stabilized dolomite 
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bricks form the basic-lined portion which extends 
from the sole plate to 4614 in. above a single row of 
tuyeres. Circle shapes are used except for a section 
above the tuyeres, that is in the melting zone where 
crown shapes are substituted, giving additional sup- 
port as erosion takes place. The tapping hole and 
continuous slag separating box are rammed with 
stabilized dolomite cement suitably prepared in ram- 
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ning form by mixing with 6 per cent water and | per 
cent sodium silicate. 

Expansion characteristics of stabilized dolomite are 
such that suitable allowance must be made in the 
construction of the lining and this is provided for by 
placing a layer of asbestos steam pipe lagging, | in. 
thick, between the shell and basic refractory. Stabil- 
ized dolomite cement is used for daily repairs and 
this material when mixed with water has the patch- 
ing consistency of ganister and is simple to apply. 
Further details of cupola dimensions are given in 
Table 1. 


TABLE ]1—PRODUCTION CUPOLA DIMENSIONS 





Internal diameter, in. 

Lining thickness, in. 

Well depth from sand bed to tuyeres, in. 

Tuyere level to charging door, ft. 

No. of tuyeres 

Tuyere dimensions, in. 6x6 





The cupola in question is operated in conjunction 
with an electric furnace as a duplexing unit? and de- 
sulphurization being the only objective, basic melting 
has enabled the equipment layout to be such that 
the cupola metal is able to flow continuously from 
the tapping spout direct into the electric furnace in 
the shortest distance with a minimum delay. Ladle 
treatment with soda ash between the cupola and elec- 
tric furnace would result in loss of time and metal 
temperature, the heat loss having to be recovered by 
current and electrode in the electric furnace. The 
unit Operates on a continuous pouring basis, the metal 
required being a low-carbon alloy of the graphite- 
steel type with a carbon content of 1.20 to 1.45 per 
cent. The carbon in the cupola metal is held between 
2.5 and 3.0 per cent and the finished carbon is ob- 
tained by regular additions of steel scrap to the elec- 
tric furnace bath. The total metal charged into the 
electric furnace consists of, approximately, 60 per cent 
solid steel scrap and 40 per cent molten cupola metal, 
shop returns, runners, risers, etc., being adequate to 
provide all the metal for the cupola charge, details of 
which are given in Table 2. 


TABLE 2—PRODUCTION CUPOLA CHARGE DETAILS 





1200 Limestone 90 
Fluorspar 10 
Coke 135 
Melting Rate 9000 Ib/hr 

T.C. S Si P Mn 
2.40 0.050 0.50 
2.60/2.90. 0.040/0.070 1.90 0.050 0.40 


Return scrap, Ib 
Ferro Silicon (75%), Ib 8 


Charged composition, % 1.40 0.050 


(Actual analysis, % 





As the sulphur content of the metal is not required 
to be below 0.060 per cent, the flux and coke charges 
have been standardized accordingly. The previous 
acid practice with this metallic charge and coke of 
the same quality gave a sulphur content of between 
0.12 and 0.16 per cent in the molten cupola metal. 

Production experience has enabled some interest- 
ing observations. to be made on composition control 
and afforded a theoretical and practical basis on 
which control can be established. 


Sulphur Removal 


The transfer of sulphur from molten metal to slag 
depends on the presence of sufficient base in the slag 
to convert the sulphides in the metal to basic sul- 
phide, insoluble in the metal and soluble in the slag. 

In the basic cupola, a larger quantity of base can 
be introduced than is possible in the acid-lined furn- 
ace and the sulphur carrying capacity of the slag pro- 
duced is thereby increased. The transference of sul- 
phur from metal to slag also depends on the ratio of 
CaO to FeO and the presence of the latter in the slag 
phase limits the desulphurizing power thus: 

Ca S + 2 FeO = CaO.FeO + Fe S. 
Therefore, the desired reaction is one in which car- 
bon plays an essential part represented by the follow- 
ing: 

FeS 4- CaO + C = Fe + CaS + CO 

It has been shown that slag in the melting zone of 
the cupola is rich in iron oxide,’ the proportion of 
which may be dependent on a number of well known 
operating factors. On collecting in the well, however, 
this oxide is reduced by the incandescent coke, the 
extent depending on the time of contact, volume of 
slag and no doubt, temperature and slag viscosity, 
thus creating the correct slag condition suitable for 
desulphurization. 

Experience in operating with basic slag has shown 
this theory to apply in practice and the sulphur pick- 
up may be controlled accordingly. The first metal 
tapped from the cupola is likely to be high in sulphur 
and this may be accounted for by low initial operating 
temperature with insufficient slag volume in the well. 
Higher initial coke bed and limestone added to the 
coke bed itself will reduce this condition to a mini- 
mum. Any circumstance, giving rise during melting 
to oxidizing conditions, such as low coke bed height 
results in a noticeable increase of the iron oxide con- 
tent in the slag, accompanied by an increase in the 
sulphur content of the metal. As in cupola practice 
generally, the normal precautions are taken to ensure 
correct conditions of combustion, as over-blowing ob- 
viously results in excessive oxidation and increased 
sulphur pickup. 

If for any reason a loss of slag volume in the furn- 
ace well occurs, thus reducing the time of contact 
between the slag and coke, there is an immediate in- 
crease in the iron oxide content of the slag and de- 
sulphurization is reduced in consequence. In the 
continuous tapping system shown in Fig. 1, the slag 
volume in the well is determined by the metal level 
at its exit from the box and should this level be too 
low, the slag depth in the well is reduced. Enlarge- 
ment of the cupola tapping hole through erosion also 
results in loss of slag height in the well, so that re- 
fractory practice at this location is of importance. 

The nature and color of a basic slag affords a use- 
ful and rapid check on its desulphurizing properties. 
The shade may vary from white, creamy white, pale 
brown, dark brown to black with chalky to vitreous 
fractures. Maximum desulphurization is certain with 
white chalky slags and an increase in iron oxide con- 
tent may be immediately observed by a change to the 
darker shades, vitreous fractures being evidence of 
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shortage of base. For control purposes, samples of 
slag for visual examination are taken under standard 
conditions of cooling as the cooling rate effects the 
appearance and small oil sand cores have been found 
suitable for sampling from the slag stream. 

In the practice described above, the normal slag 
analysis is as follows: 


Per Cent 
CaO 42.0/45.0 
MgO 9.0/11.0 
FeO Less than 1.50 
MnO Less than 1.50 
Al.O, 8.00/10.0 
SiO, 30.0/35.0 
S up to 1.0 
CaF. 2.0 


Any slag within this range of composition will be 
white to pale brown in shade with a chalky fracture. 
An increase in iron oxide and manganese oxide above 
1.50 per cent will result in a progressive color change 
from brown to black. This method of slag examina- 
tion offers a much more positive guide to melting 
conditions than a similar examination of acid slags, 
as in the latter case changes in composition are not so 
readily discernible. 

Silicon Loss 

Whereas silicon loss in conventional acid practice 
is usually no greater than 5 to 10 per cent, allowance 
must be made in basic practice for a higher loss which 
in the above production cupola is 20 per cent. It has 
not been found possible to limit this silicon oxida- 
tion, the extent of which may be determined by the 
degree of slag basicity. Under conditions which exist 
in the cupola melting zone, silicon is first oxidized 
according to the following equation: 

Si + 2 FeO = SiO, + 2 Fe 
The SiO, thus formed may be neutralized immedi- 
ately by CaO as follows: 
SiO, + CaO = CaO. SiO, 
or, with an excess of FeQ, a ferrous silicate may re- 
sult according to the equation: 
SiO, + FeO = FeO. SiO, 
followed by the CaO reaction: 
FeO. SiO, + CaO = CaO. SiO, + FeO 
It is not unlikely that in the absence of an excess of 
base, the silica formed by oxidation could be reduced 
by carbon and re-enter the metal, whereas with ample 
base, the more stable calcium silicate is formed. As 
these reactions are an inevitable part of the melting 
process, silicon control must be based on standardiza- 
tion of melting conditions and charged materials with 
suitable allowance for loss. 

In the production cupola, no attempt is made to 
dephosphorize and under the operating conditions 
which favor desulphurization, no loss of phosphorus 
is obtained or anticipated. Manganese loss is cal- 
culated at 20 per cent. 


Carbon Control 


The question of carbon pickup will be dealt with 
in detail later. At this point it is sufficient to state 
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that slag basicity and quantity of coke are the two 
main factors which determine the extent of the pick- 
up so that an increase in the proportion of basic flux 
and higher coke quantity in a given charge will tend 
to increase the carbon absorption. 

In the unit described above, high carbon pickup is 
not desired. The carbon content of the cupola metal 
is preferably held below 3.0 per cent so that the bal- 
ance of steel scrap to be added to the electric furnace 
bath, to give a final figure of 1.40 per cent is within 
the melting capacity of the unit. In this practice, 
therefore, the coke quantity is standardized at 11 to 
12 per cent and the combined fluxes, limestone and 
fluorspar at 8 to 9 per cent, giving an average figure 
of 2.8 per cent carbon at the cupola spout. This rep- 
resents a pickup in carbon of 1.4 per cent from the 
charged carbon of 1.30 to 1.40 per cent. 

It has been established in basic melting that carbon 
pickup bears a distinct relationship to sulphur re- 
duction. In other words, conditions which favor car- 
bon absorption intensify the desulphurization reac- 
tion as clearly shown in Fig. 2. The figures plotted 
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on this graph are averages taken from a large number 
of production melts under the standardized condi- 
tions described above. The coke quality without 
doubt has an important bearing on carbon pickup 
and for reference purposes, the properties of the coke 
used for this work are given in Table 3. 


TABLE 3—COKE PROPERTIES 





Fixed Carbon, % 

Ash, % 

Sulphur, % 

Volatile, % 
Shatter test 82%, on 2 in. screen 


90% on 11% in. screen 





Possibilities of Further Application 


It will be realized that the use of a basic cupola on 
the specialized unit described, represents the applica- 
tion of basic melting in, perhaps, its simplest form 
with a single main metallic constituent in the charge. 
It is of interest to examine whether advantage can be 
taken of the effect of melting metals under the in- 
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fluence of basic slags and with conditions which are 
present in the cupola-type furnace. For example, in 
the manufacture of nodular cast iron, low sulphur is 
critically important in the development of the nodu- 
lar structure. In the production of these irons by 
magnesium treatment, sufficient magnesium alloy 
must be added to reduce the sulphur to about 0.015 
per cent before the requisite amount of magnesium is 
available for solution in the iron to produce the de- 
sired effect. 

Carter* has pointed out the advantage of having 
low initial sulphur content prior to the magnesium 
treatment in order to avoid the use of excessive 
amounts of expensive alloy and an unpredictable re- 
covery of the essential element. Loss of metal temper- 
ature which accompanies excessive ladle treatment 
seriously affects the casting properties of metal and in 
good practice should be reduced to a minimum. It is 
correct to assume, therefore, that the nodular treat- 
ment would be facilitated if the initial sulphur con- 
tent of the metal at the cupola spout could be held 
at, say, 0.030 per cent and with basic melting, under 
certain conditions, this is quite possible. The effect 
of such conditions on the control of other elements 
must however be considered, in particular carbon the 
absorption of which is intensified by basic conditions 
Since the reduction of sulphur to low limits is norm- 
ally accompanied by high carbon pickup, let us con- 
sider the latter. 

The problem of increasing carbon pickup in the 
cupola has recently created considerable interest as it 
is realized that greater proportions of scrap could be 
utilized in furnace charges, if carbon absorption could 
be intensified. Attempts have been made to raise the 
carbon during the melting by the inclusion in the fuel 
charge of such materials as petroleum coke, pitch 
coke, graphite and carbon electrodes. Levit has re- 
ported an increase of 0.25 per cent carbon in the metal 
at the spout in certain charges by the use of these 
materials either singly or in combination. The avail- 
ability of these products is limited’ and their use is 
consequently restricted. Coke quality undoubtedly 
has some bearing on the rate at which carbon can be 
absorbed and the pickup is reduced with coke of 
higher ash content. 

Higher melting zone temperature has the effect of 
raising the carbon content and consideration must be 
given to the use of hot blast for this purpose. In the 
author’s experience, operating with a blast tempera- 
ture of 650 F and using the Griffin system for this 
purpose, it has been found possible to raise the car- 
bon by 0.07 per cent in a cylinder iron mixture, thus 


enabling the replacement of pig iron by steel scrap 
in the charge to the extent of 4 per cent. 

The effect of slag composition and of the nature of 
the slag on carbon pickup has not been thoroughly 
investigated, possibly because in acid practice little 
opportunity is offered for the modification of slag 
properties. Fluorspar is frequently used for increas- 
ing the fluidity of acid slags and the author has found 
that in producing more active and fluid slags in the 
acid-lined cupola, carbon pickup is increased. For 
example, the carbon content of a cylinder iron has 
been raised 0.10 per cent by replacing 10 per cent of 
the limestone charge with fluorspar thus enabling pig 
iron to be replaced with steel scrap to the extent of 
6 per cent. 

Work carried out in Germany and first reported by 
Heikin® revealed the remarkable effect of basic slag 
operation in accelerating carbon pickup when melt- 
ing cupola charges consisting of 40/60 per cent hema- 
tite pig iron and 60/40 per cent steel scrap. In a 
cupola lined with dolomite, carbon contents in the 
region of 3.80 to 4.30 per cent were obtained whereas 
in the acid cupola, similar mixtures gave 2.85 per 
cent carbon. Confirmation of this has since been re- 
ported by the Institute of British Foundrymen. In 
the latter work, a stabilized dolomite lining was used 
and all-steel melts gave carbon figures of 3.0 to 3.5 per 
cent, being up to 1.0 per cent higher than in the acid- 
lined cupola. The same effect was noted by the author 
when, during the war, a basic-lined cupola was used 
on a cupola/converter plant for steel casting produc- 
tion and Table 4 gives details of the charges used 
with typical analysis obtained. 


TABLE 4—DATA ON Basic CUPOLA USED IN 
CupoLa/CONVERTER PRACTICE 





Lb Lb 


Pig Lron 800 Coke 270 
Steel Scrap 1200 Spar 10 
Ferro Silicon (45%) 25 Limestone 130 
AVERAGE DAILY ANALYSIS CALCULATED 

Si S P Mn Si T.C. 

1.24% 0.038% 0.050% 0.50% 1.50% 1.78% 

1.0 0.039 

1.10 0.042 

1.13 0.040 

1.18 0.033 

1.00 0.042 








In acid practice, it is recognized that low-carbon 
charges will absorb a greater amount of carbon than 
high-carbon charges, depending to a certain extent on 


TABLE 5—EXPERIMENTAL MELTs TO SHOW THE EFFECT OF BASIC MELTING ON CARBON PICKUP 





Metal Charge, Ib Flux, Ib 


Charged Analysis, % Actual Analysis, % 





Iron Ferro Coke Lime- Fluor TC Si 
stone spar 


Pig Steel 
Iron, Scrap, Scrap, Sili- 
con lb 


(75%) 


Ss Mn P TC i S Mn P 








90 0.040 
62 .125 
56 075 
50 .040 
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the siicon and phosphorus present and the nearness 
to the eutectic composition. High-carbon charges 
tend to lose carbon in melting. 

A similar effect is observed in melting under basic 
conditions but the gain in carbon in low-carbon 
charges is greater by -a considerable degree. Table 5 
gives the results obtained in a series of experimental 
melts made in the basic cupola in order to observe 
the effect of melting metal charges of varying charged 
carbon content. Melt (A) consisting of an all-pig iron 
charge showed a carbon loss from 3.75 per cent to 3.50 
per cent with a sulphur reduction from 0.044 per cent 
to 0.023 per cent. Melt (B), an all-cast iron scrap 
charge approximating eutectic composition, showed 
a slight gain in carbon from 3.35 per cent to 3.56 per 
cent and a sulphur reduction from 0.120 per cent to 
0.046 per cent. Melt (C) consisting of 75 per cent 
steel scrap and 25 per cent cast iron scrap gave a gain 
in carbon from 1.0 per cent to an average of 3.61 per 
cent, the sulphur being reduced from 0.070 per cent 
charged to 0.030 per cent. Melt (D), an all-steel scrap 
charge with silicon added to approximate the pre- 
vious charges, showed a carbon pickup from 0.25 per 
cent charged to 3.10 per cent, the average sulphur 
being 0.033 per cent. In Melts (C) and (D) the coke 
percentage was increased to allow for the carbon ab- 
sorption and, no doubt, facilitated both carbon pick- 
up and desulphurization by producing the necessary 
reducing conditions. The limestone charge was also 
increased in order to raise the slag basicity and the 
fluorspar to assist the slag fluidity. 

It may be inferred from these results that when 
operating the basic cupola with high flux charges 
capable of reducing sulphur to a low level, cognizance 
must be taken of the high carbon pickup, particularly 
in low-carbon charges. Metal of normal gray iron 
composition can be produced from high-steel charges 
and, at the same time, the sulphur content can be re- 
duced to a low figure. The question of control of the 
reactions which produce the carburization, desulphur- 
ization and silicon oxidation must be considered, real- 
izing that such reactions are not likely to proceed to 
equilibrium in the cupola furnace. For this reason 
greater fluctuations in carbon and silicon than normal 
could be anticipated, particularly in high-steel charges 
with the silicon concentrated in a small proportion 
of the charge and a receiving unit of adequate capac- 
ity would be required to smooth out variations. 

Alternatively, when it is not required to take full- 
est advantage of the carburizing reaction, it would 
appear necessary to use charged materials with a com- 
position near to eutectic value in which case, silicon 
control would be simplified, this element being dis- 
tributed more evenly throughout the components of 
the charge. When the price of steel scrap is favorable, 
high steel charges would be a more attractive proposi- 
tion, particularly for large scale production and when 
the phosphorus needs to be considered. 

Such results cannot be obtained in the acid-lined 
cupola and it is evident from the foregoing that cu- 
pola charges may be computed for basic melting 
which would produce a low-sulphur iron of a base 
composition suitable for the nodular treatment. 


Basic CupoLA MELTING AND ITS POSSIBILITIES 


Refractory Technique 


Good refractory technique is essential in any type 
of melting furnace and the loss of refractory in cupola 
melting is undoubtedly high. This loss, occurring 
mainly in the melting zone, is due to the high temp- 
erature prevailing in this region and to attack by 
slag rich in iron oxide. Basic refractories, in general, 
have a higher fusion point than the acid refractories 
normally used for cupola linings but the presence of 
high iron oxide slag must be considered. 

The most economical basic material available is 
calcined dolomite which may be prepared in ramming 
form by mixing with dehydrated tar. The time avail- 
able for daily cupola repair is normally limited and 
would seldom allow the re-ramming and sintering of 
dolomite to be thoroughly carried out. While the 
fusion point of this material is high, it is subject to 
attack by iron oxide slags and Heiken reporting on 
its use, found it necessary to re-ram the cupola after 
each melt of 40 tons of metal. Carter* has reported 
the use of magnesite bricks for the initial lining con- 
struction and a ramming mixture of 90 per cent mag- 
nesite and 10 per cent bentonite for patching pur- 
poses. Lining erosion in this case was stated to be 
less than would be expected from acid refractory, the 
indication being that the magnesite lining could be 
operated two tp three times as long as an acid lining. 
The resistance of magnesite to slags rich in iron oxide 
is known to be high and this may account for the 
improved results. 

Stabilized dolomite consists essentially of tricalcium 
silicate and magnesia, the manufacture of which has 
been described elsewhere.* The thermal shock resist- 
ance of this material in brick form is less than mag- 
nesite, as also in its resistance to iron oxide slag at- 
tack, and for these reasons its performance could not 
be expected to equal that of magnesite. However, it 
has been used consistently by the author because of 
its availability in England ‘as a home produced ma- 
terial. The consumption of refractory on the produc- 
tion unit is as follows:— 


Patching material—42 lb per short ton 
of metal melted. 
—13.6 lb per short ton 
of metal melted. 


Basic brick 


This consumption is comparable to that of acid re- 
fractory with a similar metallic charge and for a 
cupola of 42 in. diameter, but it should be noted that 
the coke percentage on this unit is 11 to 12 per cent 
and the melting rate is within the rated capacity. 
When melting with higher coke quantities, lining life 
could be expected to be shorter and consumption of 
refractory greater than that normally obtained in acid 
practice. 

As cost of basic refractories is several times greater 
than acid refractories, their use can only be justified 
when the additional cost is offset in other directions, 
as in the production unit described above. In con- 
templating the use of a basic lining for the manufac- 
ture of nodular iron, therefore, the higher refractory 
cost must be balanced against the cost of the alloy 
required to desulphurize to the necessary low limit of 
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sulphur. The evidence is that a case is presented 
where the use of a basic lining is worth consideration 
and in reducing ladle processing to a minimum, the 
final alloy treatment will be under a greater degree of 
control. 

Water Cooling 

The heavy erosion of cupola linings, whether acid 
or basic presents a constant problem in cupola melt- 
ing and recent work on the water cooling of critical 
portions of the lining appears to offer a solution. It 
has been shown that replacing refractories in the melt- 
ing zone by water jackets and lining the cupola well 
only with basic refractory, it is possible to operate 
with a basic slag. The erosion products from a re- 
fractory wall constitute an appreciable proportion of 
the slag bulk formed in the cupola and when erosion 
is prevented by water cooling, larger quantities of 
basic flux can be used to increase the slag basicity to 
the extent of that obtained in the basic-lined furnace. 

An interesting application of this idea is evidenced 
in the so-called ‘metallurgical blast cupola’ developed 
and described by Doat.® Although not described as 
such, this furnace is essentially a water-cooled, hot- 
blast cupola. Whereas the development of the hot- 
blast cupola has had for its main intention economy 
in fuel, the ‘metallurgical blast cupola’ is operated 
with normal or higher than normal coke quantities, 
producing a top gas richer in CO and of higher cal- 
orific value, so that only a portion (35 per cent) of 
this gas is required for pre-heating the incoming air. 
The remainder of the gas, it is stated, is available for 
heating purposes external to the furnace, as in blast 
furnace practice. 

Recuperation is such that the blast temperature is 
in the region of 1000 F and by employing water 
cooled tuyeres, protruding some distance into the 
furnace, combustion, appears to be centralized. In 
this manner the melting zone itself is restricted in 
area and is reduced in height. This effect, combined 
with water cooling of the refractory for some distance 
above the tuyeres, reduces the lining erosion to negli- 
gible proportions and the slag suffers no dilution 
from this source. 

Under these conditions, it would be expected that 
any basic flux in excess of that required to absorb the 
coke ash and oxidation products, would be available 
to increase the slag basicity, the effect on metal com- 
position being similar to that obtained in the basic- 
lined cupola. The results quoted by Doat appear to 
confirm this as it claimed that in melting a charge 
of 100 per cent steel scrap, carbon can be absorbed up 
to 4.0 per cent and sulphur reduced to 0.050 per cent. 
One may speculate as to how much the increased car- 
bon pickup and sulphur reduction may be attributed 
to the higher temperature blast but as yet, there is no 
evidence that this factor alone is capable of producing 
such results and the inference is that slag reactions 
play a most important part. 

Up to the time of preparing this paper, no intimate 
details of operation of this type of furnace have been 
published but the principles are undoubtedly sound 
and it is in this direction that further work could 
usefully proceed. 


Summary and Further Comments 


It will be appreciated that the basic cupola should 
be considered as a special purpose furnace. In normal 
gray iron production sulphur does not present a prob- 
lem when coke of reasonable sulphur content is avail- 
able. When high steel scrap charges are to be melted 
in the acid cupola, sulphur pickup is prone to be high 
and normally the soda ash ladle treatment will suf- 
fice for desulphurization. The use of a basic-lined 
cupola is not necessarily economically competitive 


* with the soda ash treatment but the latter has certain 


disadvantages and this paper gives an example where 
the basic cupola has been used to advantage. 

Because of current interest in the subject, particu- 
lar reference has been made to the possible use of 
the basic cupola in the manufacture of nodular iron. 
Operating factors which determine desulphurization 
to the low limits required for nodular treatment have 
been discussed and it is clear that desulphurizing 
slags can be worked in the cupola, such slags being 
sufficiently basic and low in iron oxide content. The 
phenomenon of high carbon pickup obtained under 
these operating conditions confirms previous observa- 
tions and is a factor which must be taken into ac- 
count, particularly where low sulphur metal is the 
objective. Providing that irons melted in this man- 
ner prove to be consistently responsive to the nodu- 
lizing treatment, it is suggested that the added cost of 
basic melting will be offset by economy in the amount 
of alloy required for the treatment. 

Development in the technique of melting in the cu- 
pola furnace has been relatively slow, much of the 
published literature being devoted to the theory and 
practice of combustion and principles of routine con- 
trol. As is frequently the case, technical development 
is created by necessity and in recent years, with 
changes in the raw material situation and the intro- 
duction of new irons, it has been clearly shown that 
some advantage would be gained if the versatility of 
the cupola could be increased. Recent work on basic 
melting, water cooling and the use of high tempera- 
ture hot blast has indicated a new approach to cupola 
development, and there is ample evidence available 
that their possibilities should be thoroughly explored. 
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DISCUSSION 


Chairman: Max KUNIANSKy, Lynchburg Foundry Co., Lynch- 
burg, Va. 

Co-Chairman: GOSTA VENNERHOLM, Ford Motor Co., Dearborn, 
Mich. 

R. V. Rivey (Written Discussion):+ Mr. E. §. Renshaw’s valu- 
able paper draws attention to the relationship between the sul- 
phur and the carbon content of cupola melted iron. He has 
shown that when the carbon is high, the sulphur is low, and 
vice versa. In cupola melting this relationship is now regarded 
as almost axiomatic. 

It must be understood, however, that the relationship is pos- 
sibly merely coincidental and that the mechanism of carbon 
ubsorption is probably not governed by the laws which relate 
to sulphur removal. Renshaw’s paper shows the importance of 
slag reactions in the control of sulphur. These slag reactions 
probably do not influence the carbon. In a paper presented to 
the 1951 Annual Conference of the Institute of British Foundry- 
men* it has been shown that carbon solubility in molten iron 
in the cupola is an example of simple solution of a solid in a 
liquid. 

The rate of solution depends upon:— 

1. The temperature of the molten iron. 

Concentration of the carbon already present in the iron. 
Intimacy of mixing of the carbon with the molten iron. 
Nature of the carbonaceous material. 

[he presence of agents which may interfere with or assist 
carbon solution rates. 

The effect of the slag upon the carbon absorption in cupola 
melting is, I consider, indirect, insofar as its action is simply to 
remove from the surface of the furnace coke, the ash it would 
otherwise accumulate. The accumulation of ash on the coke 
surface certainly prevents carbon solution and any manipulation 
of the physical or chemical properties of the cupola slag so as 


* “Factors Affecting the Solubility of Carbon in Iron,” by R. V. Riley. 
Paper No. 997, Institute of British Foundrymen’s Annual Meeting, 1951. 

1 Research Manager, The Stavely Iron & Chemical Company Limited, near 
Chesterfield, England. 


Basic CupoLA MELTING AND ITs POSSIBILITIES 


to secure the more rapid removal of the ash, will have the effect 
of increasing the carbon pick-up of a low-carbon charge. This 
is, I think, the explanation of the action of fluorspar in an acid- 
lined cupola when a slightly greater pick-up of carbon occurs. 

Mr. RENSHAW (Reply to Dr. Riley): Dr. Riley’s contribution 
to the discussion is particularly welcome in view of his very 
comprehensive investigation and findings on the solubility of 
carbon in molten iron which in themselves have been verified in 
practice by the author. 

In reporting the relationship between carbon pick-up and 
sulphur reduction, it was intended to show that the conditions 
created in’ the furnace to promote desulphurization directly 
effected carbon absorption. In other words, slags of higher 
basicity may react more rapidly with the acidic oxides of the 
coke ash leaving the incandescent carbon more exposed to the 
molten iron. This effect has already been referred to by the 
author in a previous paper. 

There is also evidence that a higher melting zone tempera- 
ture is obtained in basic melting due possibly to the more rapid 
disposal or fluxing of the coke ash, a condition which may in 
itself promote carbon absorption. 

Furthermore, under these conditions the incandescent coke 
may prove to be more actively reducing, the effect being to 
reduce the iron oxides which could react with the carbon in 
the metal. 

The effect of slag, therefore, on carbon absorption is, perhaps, 
indirect as suggested by Dr. Riley and it is not inferred that 
because sulphur is reduced the solubility of carbon in the 
molten iron is increased. 

At this stage of the enquiry, however, it is probably wise to 
exercise some restraint in drawing conclusions. Levi has re- 
ported, for example, an instance where an unusually low carbon 
pick-up was obtained when melting a high-sulphur iron. 

S. F. Carrer: * I would like to compliment Mr. Renshaw fon 
his excellent paper and fine presentation. I would like to com- 
pliment him further for the alert and progressive contributions 
he has made over the last several years in the field of cupola 
design and cupola operation. 

We have experienced a similar relationship between carbon 
pick-up, sulphur elimination and slag basicity. We have had 
most of our experience in the higher and lower sulphur ranges 
because of nodular iron experimentation. As the slag basicity 
increases the sulphur content of the iron decreases and the 
carbon content increases. I think there is both a direct and an 
indirect cause. Due to differences possibly in coke and raw 
materials, our data might not fall perfectly on Mr. Renshaw’s 
curve but certainly they would be parallel to it. Before we 
can properly control the basic cupola we need to understand 
this relationship better. 

I would like to ask two questions. 

1. Whereas Mr. Renshaw’s experience has been mainly with 
lower carbon irons, our experience has been on higher carbon 
irons where carbon pick-up has been encouraged. Has Mr. Ren- 
shaw found basic operations to have the same control possibili- 
ties as the acid cupola from the standpoint of carbon consist- 
ency using comparable charge materials? 

2. Has Mr. Renshaw found the basic cupola more efficient 
from a thermal standpoint? We have seen some evidence that 
the basic cupola melts faster, will melt with a lower proportion 
of coke at the same temperature or will melt hotter with the 
same ratio of coke. Frequently when the two were compared, 
variations in charging materials added too many variables for 
a conclusive comparison. Has Mr. Renshaw any production 
experiences that would indicate that the basic cupola is more 
efficient from the coke consumption or temperature-production 
standpoint? 

Mr. RENSHAW: Mr. Carter’s remarks are of particular value 
in view of the excellent paper he produced in 1950 on the same 
subject.* The question of control is of considerable importance 
and presents more difficulties than in acid melting, undoubtedly 
because of the reactions purposely created. This particularly 
applies to silicon. In the acid cupola operating to give silicon 


2 Assistant Melting Superintendent, American Cast Iron Pipe Co., Birming- 
ham, Ala. 


*S. F. Carter, ‘Basic-Lined Cupola,” A.F.S. Transactions, vol. 58, 
pp. 376-392 (1950). 
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control to 0.20 per cent, a similar change in the basic cupola 
would, in our experience, give a silicon fluctuation within 0.40 
per cent. When operating with slags of high basicity in order 
to intensify carbon pick-up and sulphur reduction, a silicon 
loss of a higher order may be anticipated and control factors 
will require investigation. Variations may, of course, be 
smoothed out by using a receiving unit of suitable capacity. 

With regards to thermal considerations, evidence is available 
io indicate that higher tapping temperatures are obtainable in 
basic melting for a given quantity of coke. For example, in the 
production cupola described, a lean coke ratio is employed in 
order to limit carbon pick-up. The coke used is a blast furnace 
grade of small size with 12 per cent ash content. Even so, 
with a 9:1 coke ratio tapping temperatures of 2700 to 2750 F 
are regularly obtained, whereas, with the same. proportion of 
fuel used in acid melting, we should not expect to exceed a 
temperature of 2650 F. 

Assuming that the basic slag will attack the acid coke ash 
with greater rapidity, this effect may result in a more rapid 
combustion of the coke and account for higher operating tem- 
peratures. 

E. A. Piper:* I am very much interested in the paper pre- 
sented by Mr. Renshaw. As far as our own experience in oper- 
iting a basic cupola is concerned, it is in close agreement with 
the statements made in the paper. We are melting at higher 
temperatures than in the previous acid practice, and are saving 
about 5 to 10 per cent on coke. Since we are producing a variety 
4 jobbing castings to engineering specifications, we are not 
interested in very low sulphurs. We hold sulphur from 0.08 
to 0.09 per cent and therefore, operate with a slag of a relatively 
low basicity. 

Refractory cost per ton of metal is definitely higher with the 
basic cupola. The savings in coke and in labor for the daily 
patching operation are offsetting factors. 

In normal times, when pig iron is considerably higher in price 
than scrap, an overall saving in melting high scrap mixtures 
in the basic cupola may be realized. Under the present local 
metal market conditions, the operation of a basic cupela can 
not be justified financially. 

W. W. Levi: * I would like to compliment Mr. Renshaw on 
the excellent presentation he has made. It was his preliminary 
work which actually stimulated our interest in the subject of 
basic cupola operation. 

Mr. Kuniansky and I visited in Mr. Renshaw’s plant in 
February, 1950, and upon our return to this country decided 
that we would install a basic-lined cupola. Our basic-lined 
cupola is water cooled and is provided with hot blast. We have 
been operating our basic cupola since February 15, 1951 and 
have had some good results. As expected, some difficulties have 
been encountered. 

We are trying to operate 12 hr per day and have succeeded in 
doing this for the last few heats. Our charge consists of 35 per 
cent steel, 20 per cent pig iron, 40 per cent cast scrap, and 5 
per cent silvery. With this charge we are using a good grade 
of beehive coke containing 92 to 94 per cent fixed carbon and 
very low percentages of SiO, and Al,QOs. 

Our coke ratio is 6.7 to 1, which is considerably more than 
Mr. Renshaw is using. We are operating our air blast heater at 
850 F and under these conditions we are able to produce iron at 
the cupola spout containing between 0.025 and 0.035 sulphur 
with a total carbon content of about 3.8 per cent. We. are 
anxious to obtain high carbon and low sulphur, which is quite 
different from what Mr. Renshaw is trying to do. 

There is one question I would like to ask Mr. Renshaw. I 
was interested in his comment on the depth of slag that we 
would like to maintain in the well. His comment, I believe, was 
that if this depth was not maintained to the proper height, 
the desulphurizing would be considerably less than would be 
obtained with a deeper layer of slag. I would like to ask Mr. 
Renshaw what he considers the optimum depth of the slag and 
if he has any way of determining this depth. 


Mr. RENSHAW: It is very interesting to learn of Mr. Levi's 
experience with his work on the basic cupola. We have found 
that the depth of slag in the furnace well has a distinct bear- 
ing on the desulphurizing reaction. In the continuous tapping 
system described, the slag height in the cupola well is deter- 
mined by the metal level at the front hole or metal exit. It is 
necessary in determining the height of the metal level to consider 
the fluid pressure of the slag depth in the well. With a depth of 
slag of about 2 ft, we find that a metal level of 7 in. to 8 in. 
is quite satisfactory and some indication of the slag height may 
be obtained by observation of slag erosion line after a melt. 
Increasing the depth of the well to carry a larger volume of slag 
would, no doubt, give a greater carbon pick-up but would in- 
volve some difficulty in initial heating. Carter’s valuable work 
on the use of calcium carbide as an addition to the cupola bed 
has shown it possible to obtain high initial tapping tempera- 
tures. This may have some application when it is desirable to 
operate with a deep well. 

MEMBER: Is there any difficulty in maintaining the diameter 
of the tap hole in a front-slagging cupola?. If so, what are the 
best refractories to use for this application? What happens 
when the tapping hole becomes too large? What are some of the 
difficulties that one might look for in consideration of the basic 
front-slagging cupola operation? 

MR. RENSHAW: Tapping hole erosion does present a problem, 
particularly for long operations. The cupola described is oper- 
ated for 10-hr periods and using the dolomite monolith a tapping 
hole enlargement from 11% in. to 4 in. is obtained. Somewhat 
less erosion has been found by using a mixture of ganister 
with 30 per cent graphite. The effect of an enlarged tapping 
hole can be offset by raising the metal level thus maintaining 
the depth of the slag in the well. 

W. W. Austin:*® I realize that the conditions for sulphur 
removal in a basic cupola are not generally compatable for con- 
ditions of phosphorus removal. However I would like to ask 
Mr. Renshaw if he considers there is any hope for dephos- 
phorization in the basic cupola assuming a low-silicon charge? 

Mr. RENSHAW: Some attempt was made to dephosphorize in 
the basic cupola, when during the war, there was a danger of 
a shortage of low-phosphorus ores. A series of experimental 
melts were reported by the Institute of British Foundrymen 
and it was found essential to operate with a low silicon content 
in order to obtain any degree of dephosphorization. When 
operating such charges, certain difficulties arose in the manipula- 
tion of the slag which became viscous and froze around the 
tuyeres. This caused skulling and resulted in high metallic losses 
up to 30 or 40 per cent. Considerable work will be required 
before dephosphorization could be made a proposition. 

MEMBER: We recently began basic ‘cupola operation and en- 
countered two difficulties, namely, viscous slags and excessive 
erosion of the refractories. Has Mr. Renshaw found an effective 
fluidizer for the slag and how has he reconciled that fluidizer 
with refractory wear, particularly ladle wear? 

Mk. RENSHAW: Viscosity of the slag increases with the lime 
content or basicity ratio and calcium fluoride assists in main- 
taining fluidity. It is preferable to use fluorspar in lump form 
to avoid mechanical losses in the stack and we have found that 
using a 2-in. to 3-in. grade of spar it is possible to maintain 
a calcium fluoride content in the slag of 2 to 3 per cent, 
thus assisting fluidity. To assist the flow of slag over the slag 
notch, a layer of charcoal may be placed on the slag surface and 
a gas flame directed on to the surface is a further help. There 
is no evidence that calcium fluoride slags give excessive erosion 
of the refractory. 

When experimenting with slags of high basicity, i.e., with a 
lime content of 52 to 55 per cent, on cooling, the slag will tend 
to “fall” being evidence of the presence of dicalcium silicate. 


%Pohlman Foundry Co., Inc., Buffalo. 
* Metallurgist, Lynchburg Foundry Co., Redford, Va. 
5 Senior Metallurgist, Southern Research Institute, Birmingham, Ala. 
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ALUMINUM - SILICON ALLOYS 


R. H. Dyke* 


Introduction 


This paper gives the results of a comparison of the 
various modification techniques in use for aluminum- 
silicon alloys. 

The effectiveness of several rapid tests which could 
be used by foundrymen to determine whether or not 
a melt had been successfully modified was also inves- 
tigated. 

Historical 


Aluminum-silicon alloys were the first alloys of 
aluminum to be produced; a published account of 
their properties appearing in 1874.1 However, the 
later development of other aluminum-base alloys hav- 
ing better mechanical properties resulted in the com- 
parative neglect of the aluminum-silicon alloys until 
about 1923. Early work had shown that the addition 
of silicon to aluminum gave a progressive increase in 
tensile strength, accompanied by a reduction in elon- 
gation. The maximum tensile strength in a sand- 
cast alloy was found to occur with a silicon content 
of 10 to 12 per cent,*: 45 the mechanical properties 
being: 

Ultimate Tensile Strength 9-10 ton per sq in. 
Elongation 2 per cent 

Up to 1923, the cast alloys were characterised by 
poor machinability and a coarse fracture attributed to 
the presence of massive plates of silicon. 

In 1921, Pacz, in a patent® claimed that the mechan- 
ical properties of the aluminum-silicon alloys, prin- 
cipally those containing between 8 and 13 per cent 
silicon, could be materially improved by treatment of 
the molten metal before casting with alkali fluorides. 
the most effective being sodium fluoride. This pro- 
cess was termed modification. This patent was fol- 
lowed by several others covering the modification of 
these alloys by the use of other agents including al- 
kali metals,’ alkaline earth metals,‘ antimony and bis- 
muth® and alkaline oxides.!° 


* Defence Research Laboratories, Department of Supply, Com- 
monwealth of Australia, Victoria, Australia. 

This is an Official Exchange Paper to the American Foundry- 
men’s Society from the Australian Institute of Foundrymen. 


Of these modifying agents, the two most widely 
used have been sodium metal and the alkali fluorides. 
Modification using alkali fluorides is more popular in 
Europe, whilst the use of sodium metal, generally con- 
tained in a thin aluminum capsule, is preferred in 
America and Great Britain. 

The exact mechanism of modification has been stud- 
ied by many workers and several facts regarding the 
phenomenon have been established. These may be 
summarized as follows: 

1. In an unmodified alloy containing 12 per cent 
or more of silicon, the silicon occurs as a primary 
phase in the form of coarse needles and plates. In a 
modified alloy the silicon occurs as a fine secondary 
phase of globular types. The transition from unmodi- 
fied to modified structure is gradual, and one sample 
may contain both modified and unmodified areas.5 

2. The process of modification is accompanied by 
an increase in both tensile strength and elongation.® 
The finer state of distribution of the silicon results in 
improved machinability. 

3. Remelting of a modified alloy, or holding the 
molten alloy for prolonged periods in the molten state 
results in a reversion to the unmodified condition. 

4. The silicon content of the eutectic apparently 
increases from 11.7 per cent to 14 per cent during 
modification; the temperature of the eutectic arrest 
on cooling is also lowered,!? the amount of lowering 
increasing with the cooling rate. Some work has shown 
a eutectic arrest as low as 564 C.11 18 

5. The addition of excessive amounts of sodium to 
the alloys can produce “over modification.” In this 
condition, the alloy becomes susceptible to gas poros- 
ity.12. 14,15 Jt appears that the aluminum-silicon al- 
loys become more susceptible to gas porosity the high- 
er the sodium content and alloys with a sodium con- 
tent only sufficient to give modification will absorb 
hydrogen more rapidly than alloys in the unmodified 
condition. 


Investigation of Modification Techniques 


Experimental Detail—A comparison was made of 
three techniques commonly used to modify aluminum- 
silicon alloys containing approximately 12 per cent 
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jlicon using both flux and sodium metal methods. 
rhe modifying agents used were as follows:— 

1. 66 per cent sodium chloride—34 per cent sodi- 
um fluoride flux. 

2. A low melting point ternary flux containing 50 
per cent sodium chloride, 35 per cent sodium fluoride 
and 15 per cent potassium chloride. 

3. Sodium metal. 

The aluminum-silicon alloy was prepased from 
commercial aluminum and silicon metals. The com- 
positions of these materials and typical compositions 
of the final melts are shown in Table 1. The require- 
ments of British Standard 2L33 are given as a basis 
for comparison. 


TABLE 1—COMPOSITION OF ALLOYS 





Sample Element, % 
Al Si Fe Mn Zr Others 


\luminum- 99.7 0.1 + = i 
Silicon , 98. of 0.4 os 0.1 
BSS2L33 Rem 10-13 0.6Max 0.5Max 0.1Max 0.6Max 
\HI Rem 12 0.23 ie 0.01 0.26 
BL3 Rem 12 0.21 B . 0.21 
SH2 Rem 12 0.20 as “a 0.25 





Charges of 10 lb each were melted in Salamander 
crucibles in a coal-gas fired furnace. After melting, 
any residual sodium was removed by adding hexa- 
chlorethane in successive amounts each of 0.5 per cent 
of the charge weight until the alloy was in the un- 
modified state. 

Samples were taken in a small hand ladle and cast 
in green sand molds into bars approximately 14 in. 
in diameter and 614 in. long. One sample was taken 
before the addition of the modifying agent and sub- 
sequent samples 5, 10, 15 and 20 min after the addi- 
tion. The temperature of the melt was measured by 
an alundum covered thermocouple and was held at 
the two selected modification temperatures, 700 + 20 
C and 800 + 20 C. The melts were stirred with a 


graphite rod before each sample was taken. 
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Fig. 1—Stage 1, unmodified alloy. Mag. 200 x. 
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The experimental results were expressed in terms 
of five arbitrary states of modification based on the 
microstructures of sections taken 14 in. below the top 
of each bar. The microstructures typical of these 
states were: 

Stage 1. The unmodified alloy containing plates 
and coarse needles of silicon randomly distributed in 
a matrix of aluminum-rich solid solution (Fig. 1). 

Stage 2. Coarse needles of silicon between dendrites 
of aluminum-rich solid solution (Fig. 2). 

Stage 3. Coarse rounded particles of silicon be- 
tween dendrites of aluminum-rich solid solution (Fig. 
3). 
Stage 4. A satisfactorily modified structure with 
fine particles of eutectic silicon and rounded dendrites 
of aluminum-rich solid solution (Fig. 4). 

Stage 5. An over-modified structure with coarse 
particles of silicon and bands of aluminum-rich solid 
solution containing needles of a ternary aluminum. 
silicon-sodium phase (Fig. 5). A more detailed dis- 
cussion of these structures is given later in the paper. 


Modification by Sodium Chloride-Fluoride Flux 


The original patent application of Pacz* covered the 
use of sodium and potassium fluorides as modifying 
agents. Fluxes of this type generally consist of mix- 
tures of sodium fluoride and chloride. Typical modi- 
fication techniques using these fluxes, as given in the 
literature, are shown in Table 2. 


TABLE 2—BriNnaRY FLUX LITERATURE REFERENCES 





Composition Amount Temperature Time, 
NaCl NaF 1% of Charge Cc Min 


Reference 





760-800 
780-800 5-20 
740-790 
900 5-10 
700 


927 


Polyak” 
Baikov™ 
Botchvar™ 
Duport” 
Welter’ 
Archer™ 
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A study of the above references suggested that the 
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Fig. 2—Stage 2, large silicon needles. Mag. 200. 





Fig. 3—Stage 3, fine silicon needles. Mag. 200 x. 


most satisfactory flux would be a 2:1 sodium chloride- 
sodium fluoride mixture; an amount equal to 3 per 
cent of the charge weight being used at 800 C. The 
references gave no conclusive information on the time 
of treatment for satisfactory modification. 

A flux containing 66 per cent sodium chloride and 
34 per cent sodium fluoride was used, the amounts 
of flux used being 1, 2, 3 and 5 per cent of the charge 
weight. The stage of modification of the test bars, as 
assessed by metallographic examination, are given in 
Table 3: 


TABLE 3—BINARY FLUX MODIFICATION RESULTS 





Modification Amount State of modification after 
Temperature, of flux, % OMin 5Min 10Min~ 15Min 
Cc a 


700 
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Techniques which gave satisfactory modification 
were checked using fresh 10-lb melts, and the results 
confirmed to those in Table 3. 

During the experiments with this flux it was found 
that at 700 C the flux did not melt but only formed a 
granular layer on the metal. At 800 C, however, the 
flux melted and covered the surface of the melt. Ger- 
man work?! has shown that modifying fluxes are most 
efficient when molten; this flux should therefore be 
used at a temperature approaching 800 C. 


Modification using Low Melting Point Ternary Flux 


Fluxes based on sodium chloride, sodium fluoride 
and potassium chloride have a lower melting point 
than the binary sodium chloride-sodium fluoride mix- 
tures and their use allows lower metal temperatures, 
decreasing gas absorption by the melt and reducing 
fuel consumption and wear of furnace refractories. 
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Fig. 4—Stage 4, fully modified. Mag. 200 x. 


Welter!’ obtained modification using a flux con- 
taining 22 per cent sodium fluoride, 15 per cent sodi- 
um chloride, 44 per cent potassium fluoride and 19 
per cent potassium chloride, 2 per cent of the charge 
weight being used at 900 C. A report on German 
work on the development of a ternary modifying 
flux?! described a flux containing 12 per cent sodium 
fluoride, 46 per cent potassium chloride and 42 pei 
cent sodium chloride which was stated to melt at 650 
C and was claimed to be satisfactory for modification 
at 720 to 760 C. A Belgian patent covering the use 
of a flux similar to this was taken out in 1943.29 The 
flux addition was 1 to 1.4 per cent of the charge 
weight, the modifying temperature being 650 to 800 
C. No definite time of treatment was quoted. Duport 
and Caminade’?® described the use of this flux; the 
conditions used being 2 to 4 per cent of the charge 
weight, 680 to 820 C modification temperature and 5 
to 10 minutes treatment time. 


Fig. 5—Overmodified. Mag. 200 x. 
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The flux selected for investigation contained 50 per 
cent sodium chloride, 35 per cent sodium fluoride and 
5 per cent potassium chloride, its melting point be- 
ing approximately 650 C. The amount of flux used 
was 1, 2, 3 and 5 per cent of the charge weight. The 
stage of modification of the test bars as assessed by 
metallographic examination are given in Table 4. 


TABLE 4—TERNARY FLUX MODIFICATION RESULTS 





Modification Amount Degree of Modification after 
Temperature, of Flux,% 0 Min 5 Min 10 Min 15 Min 20 Min 


.) 
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Techniques which gave satisfactorily modified struc- 
tures were repeated on fresh 10-lb melts; the results 
confirming those given in Table 4. 


Modification using Sodium Metal 


The method of modification using sodium metal 
was first described by Archer.1' The sodium was 
placed in a preheated ladle and the molten metal at 
approximately 770 C poured over it and then allowed 
to stand for 10 to 20 minutes before casting. 

Later workers!*.? plunged the sodium metal, usual- 
ly wrapped in aluminum foil, under the surface of 
the melt and held it there with an inverted cup type 
of plunger until dissolved. The amount of sodium 
used was about 0.06 per cent of the charge weight, 
the metal temperature was 700 to 750 C, and the 
holding time before casting varied between 5 and 20 
minutes. 

Additions of 0.02, 0.05 and 0.1 per cent of the 
charge weight of sodium wrapped in thin aluminum 
foil were made. The stage of modification of the test 
bars, as assessed by metallographic examination are 
given in Table 5. 


TABLE 5—SopiIuM METAL MODIFICATION RESULTS 





Modification Amount Degree of Modification After 
Temperature, of Sodium, 0 Min 5 Min 10 Min 15 Min 20 Min 
Cc 





700 ‘ 2-3 


800 





The techniques which gave satisfactorily modified 
structures were repeated and the results confirmed 
those given in Table 5. 


Conclusions 


1. Metallographic examination showed that modi- 
ication affected.the structures in a progressive man- 
ner. The first change in the structure of an unmodi- 
fied alloy is that the random distribution of the sili- 
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con particles changes to a dendritic form in which the 
silicon-aluminum eutectic is present between well de- 
fined dendrites of primary aluminum-rich solid solu- 
tion (Fig. 2). This change is followed by a second 
phase in which the silicon particles decrease in size 
more rapidly with increasing degree of modification 
until, in a fully-modified alloy, the particles are too 
small to be completely resolved at a magnification of 
200 (Fig. 4). An increase in the sodium content above 
that required for modification gives an “overmodified” 
structure in which the eutectic silicon particles be- 
come coarser and the aluminum-rich solid solution 
areas are banded, instead of being dendritic in shape. 
A new, dark gray aluminum-silicon-sodium phase ap- 
pears as needles in the bands of aluminum-rich solid 
solution. 

2. It was found that satisfactory modification could 
be obtained at temperatures in the range 700 C to 
800 C with all of the three modifying techniques in- 
vestigated. Assuming that for economic reasons 15 
minutes is the longest practical modification time and 
that the amount of flux added and the modification 
temperature should both be as low as possible; the 
following flux modification techniques are considered 
to be the most satisfactory. 

(a). Binary flux.—2 per cent of the charge weight 
of a 66 per cent sodium chloride—34 per cent sodium 
fluoride mixture allowed to remain on the metal fon 
15 minutes at 800 C. 

(b). Ternary flux.—3 per cent of the charge weight 
of flux containing 50 per cent sodium chloride, 35 per 
cent sodium fluoride and 15 per cent potassium chlor- 
ide allowed to remain on the metal for 15 minutes at 
800 C. 

(c). Sodium metal.—0.05 per cent of the charge 
weight of sodium metal plunged beneath the metal 
surface at 800 C and the metal allowed to stand for 10 
minutes before casting. 

3. The experimental work has shown that there is 
a difference in the progress of the modification be- 
tween the flux and sodium metal techniques. With 
flux techniques the sodium content of the melt will 
increase progressively during the progress of modifica- 
tion whereas with the sodium metal technique the 
sodium content of the melt will reach a maximum 
when solution of the sodium metal is complete, and 
then, because of oxidation and volatilization, decrease 
during the holding period required for the sodium 
to diffuse throughout the melt. The sodium content 
of the melt is therefore always higher with the sodium 
metal technique than with the flux technique. As it is 
well established that the rate of absorption of hydro- 
gen by the melt increases with sodium content,!2-15 
there is consequently more risk of excessive gas absorp- 
tion when sodium metal is used than when modifying 
fluxes are used. Because of this and also because the 
modification occurs more gradually with fluxes, it is 
considered that the use of fluxes for modifying would 
give better results than the use of sodium metal. 

4. Degassing with chlorine-containing agents re- 
sults in a loss of sodium; it therefore*being necessary 
to degas with these agents before modifying. This 
will also ensure that the residual sodium content of 











the melt is low, enabling the foundryman to adopt a 
definite modification technique without the need to 
consider the effects of varying residual sodium con- 
tents of the melt. If degassing after modification is 
considered necessary, dry nitrogen should be used. 


Investigation of Rapid Tests for Determination of Stage 
of Modification 


Introduction—For the control of modification, it 
would be a great help to the foundryman if a rapid 
test to determine the degree of modification of a melt 
was available. To be of practical use, the test should 
require only equipment normally used in a light al- 
loy foundry and the correlation between test results 
and stage of modification should be reliable. 

For the purpose of this investigation, three tests 
conforming to the first of these requirements were 
studied to determine whether or not they gave a satis- 
factory indication of the degree of modification of the 
melt. 

Fracture Tests—Fracture specimens were prepared 
by machining a small groove around each test bar, ap- 
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Fig. 6—Fracture test specimens. Mag. 2x. 





proximately | in. below the position of the metallo- 
graphic sample and fracturing the bar. Typical frac- 
tures of bars having structures corresponding to the 
stages of modification described earlier are shown in 
Fig. 6. 

It was found that a completely unmodified alloy 
has a rough fracture showing bright areas, the latter 
being due to the large plates and needles of silicon 
in the alloy. As modification proceeds and the size 
of the silicon particles decreases, the fracture becomes 
less rough and the size of the bright areas decreases. 
When the silicon particles become very small (stage 
3), the fracture becomes dendritic in character and, 
in general, a small area in the center of the section 
has an even, grayish appearance characteristic of a 
fully modified alloy. With complete modification, the 
fracture is even and gray in color with some small 
bright areas. 

In the case of a fine-grained alloy, difficulty was 
experienced in distinguishing between stages 2 and 4. 
The most satisfactory distinguishing feature was the 
presence in the fracture elongated bright areas repre- 


Fig. 7—Bend test specimens, Stages 1 to 5 from left to right. Approximately Y actual size. 
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senting the silicon needles in alloys in the second 
stage of modification. The bright areas in a fully 
modified fracture (stage 4) were rounded in shape. 
Bend Tests—A 5-in. length was taken from the bot- 
tom of the test bars and bent slowly about its mid- 
point over a mandrel | in. in diameter. The bending 
was continued until the first sign of cracking on the 
outer edge of the bar. The angle of bend was meas- 
ured in degrees. The average angle of bend corre- 
sponding to each stage of modification was as follows: 


Stage 1— 8 degrees 


2— 9 

5—14 e 
4. 9 ’” 
Se gies 


Bend test samples of stages of modification 1 to 5 
are shown in Fig. 7. 

From these results the ductility of the alloy appears 
to reach a maximum at a stage corresponding to slight 
undermodification. 

Hardness Tests — Hardness determinations were 
made on the sections used for the metallographic ex- 
amination. The determinations were made using a 
5-mm diameter indicator and 125-kg load on a Vickers 
hardness machine. The Brinell hardness numbers of 
most of the samples were in the range 55 to 65. No 
significant changes in hardness were found during the 
progress of modification, the average hardnesses of 
both unmodified and modified samples being 57. The 
only change which was found was a narrowing of the 
scatter of hardness readings as modification proceed- 
ed. The average scatter of four separate determina- 
tions on each sample decreased from 4 points in the 
unmodified samples to 1 point in the modified 
samples. 

It was considered that the change of hardness which 
occurs during modification is too small to permit 
hardness determinations to satisfactorily determine 
the stage of modification of any particular melt. 

Practical Value of Tests—1l. The investigation of 
several rapid tests which could be used by foundry- 
men to determine the degree of modification of a 
melt showed that fracture tests of bars of equivalent 
thickness to the casting being made would give a re- 
liable indication of the stage of modification of the 
melt. 

2. Bend tests are not considered satisfactory for 
foundry control as the ductility reaches a maximum 
at a stage of slight undermodification but may be of 
use to supplement fracture tests. 

3. The variation of hardness, with degree of modi- 
fication is not considered sufficiently large for this 
method to be used for the following of the progress 
of modification. 
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DISCUSSION 


Chairman; M. E, Brooks, The Dow Chemical Co., Bay City, 
Mich. 

Co-Chairman: W. D. DANKs, Howard Foundry Co., Chicago. 

L. W. Eastwoop:* When sodium is added to an aluminum 
melt, hydrogen is apt to be added along with it. When the 
sodium is taken out of a bath of kerosene, for example, and 
cleaned, it always contains an appreciable amount of sodium 
hydroxide on the surface. The more sodium you add, the more 
hydrogen you would expect to add with it. One might conclude 
that the solubility of hydrogen in the melt was increased because 
of the sodium addition. I suspect that the increased amounts 
of sodium merely increased the amount of hydrogen added, 
making greater difficulties with pinhole porosity. I would like 
to ask Mr. Sicha which method of sodium addition he prefers? 

W. E. SicHa:? It was my impression from Mr. Dyke's state- 
ment that he felt that it was not a larger sodium addition that 
was responsible for the increased gas content, but that an in- 
creased amount of gas probably would be associated with a 
larger amount of sodium present in the melt. The implication 
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was that the sodium content influenced the hydrogen solubility. 
Whether that is a fact or can be disproved has not been demon- 
strated conclusively. There is evidence from work that has 
been done in this country which would lead me to concur with 
Dr. Eastwood's opinion. This whole question of sodium modifi- 
cation is still important in spite of the fact that there is almost 
no production today in the United States of the eutectic alum- 
inum-silicon alloys in modified form for the production of cast- 
ings. However it is my understanding that these alloys are 
still used to substantial extent in Great Britain and certainly 
this paper indicates that they are important commercially in 
Australia. My belief is that we still have a great deal to learn, 
about effective modification of aluminum-silicon alloys. As 
long as we are depending on an element such as sodium for 
modification, we are working with a fugitive material and 
control and maintenance of a prescribed or specified degree of 
modification is very difficult. 

Our greatest hope for the future, in considering modification 
of aluminum-silicon alloys, lies in the direction of discovering 
some other addition element to replace sodium or to supplement 
sodium that will maintain a high degree of modification. 

As far as current practice in the United States is concerned, 
it is my opinion that addition of metallic sodium is the gener- 
ally accepted modifying procedure. 

O. H. HEIL: * I believe that the second flux used contained 15 
per cent of potassium chloride and reference was made to an- 
other element for the modification of silicon. Is there any evi- 
dence available as to the effect of potassium or calcium? 

Mr. SicHA: In the paper, there was no indication as to the 
specific effect of potassium or calcium. However, in earlier work 
done in this country, the indications were that sodium was the 
most effective modifying agent and that potassium and calcium 
were less effective modifying agents. It is conceivable that 

1 Assistant Research Director, Kaiser Aluminum, Seattle, Wash. 
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potassium may have been introduced into the experimental melt. 
by inclusion of the small percentage of potassium chloride i 

the salt. However, it is probable that the principal objectiv: 
of adding the potassium chloride was to reduce the melting poin 
of the mixed salt and thereby obtain greater reactivity. 

HIRAM Brown:* Dr. Eastwood made it plain in a. previous 
discussion that calcium affects the ability of the material to be 
degassed, at least in the excessive use of chlorine. I have note« 
from my own experience, in many cases, I have been completel\ 
unable to degas heats of aluminum alloys with silicon which 
also contain calcium. Will sodium act the same way to retain 
gas as well as picking it up, so that sodium might be retaining 
the actual moisture rather than picking it up? 

Mr. SicHA: There is evidence indicating that a high calcium 
content may result in a higher hydrogen content in the melt 
Mr. Dyke contended that sodium exerted a similar influence 
although my observations have not provided conclusive evidence 
on this subject. 

MEMBER: Have you noticed more dross because of the addi 
tion of sodium to 356 alloy? 

Mr. SIGHA: My experience indicates that there is a somewhat 
greater tendency for oxide particles to be retained in aluminum 
alloys that are ordinarily subjected to modification treatment 
However this characteristic should not present a serious problem 
unless exceedingly high sodium contents are encountered as a 
result of repeated and large sodium additions. It should be 
remembered that modification is attained with only a few 
thousandths of a per cent of sodium. 

MEMBER: Has anyone attained perfect modification in rela 
tion to ductility? [ would like to cite a case of 43 alloy where 
we reached 19 per cent ductility. This I might say is accidental, 
but do you think that can be consistent? 

MR. SicHa: In view of the fact that the sodium content can 
change so readily in a melt, it is improbable that you can estab- 
lish control procedures that would provide 19 per cent elonga- 
tion consistently. 


4 Chief Metallurgist, Solar Aircraft Co., Des Moines, Iowa. 
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AN INVESTIGATION OF THE PENETRATION OF 
MOLDING SAND 


STEEL INTO 


By 


Holger Pettersson* 


ABSTRACT 

The main investigation is based on immersion experiments 
with cylindrical sand “cores” in molten carbon steel in a high- 
frequency furnace. It is shown how the rate of penetration 
varies with time of immersion, metal pressure, temperature and 
analysis of the steel, grain size of the sand, various additions to 
the sand, etc. Standard castings have been employed for com- 
parison. The two methods have given contradictory results as 
regards the effect of certain additions to the sand upon steel 
penetration. A study of slag formation shows that very little 
slag is formed at the sand/metal interface before the surface of 
a casting has solidified definitely. The metal pressure, the capil- 
lary forces, the original size of the pores in the sand, the re- 
sistance of the sand to enlargement of the pores and the sand 
temperature are believed to be the factors which determine the 
rate of penetration. 


Ir Is NOW FULLY REALIZED that the chief cause 
of adhering sand is that steel penetrates the sand, 
causing it to be attached to the casting. Some adhe- 
sion may Occur in some cases without any appreciable 
penetration, however. This type of adhesion, which 
the author has also studied to some extent, would ap- 
pear to be of no great importance as regards steei 
castings, but is of great interest in respect of cast 
iron. 

Some information as to the reasons for the penetra 
tion of the steel into the sand can be obtained by 
studying how this arises in practice. The penetration 
occurs as a rule at characteristic spots. The worst af- 
fected are those parts of the mold which project into 
the steel and are more or less surrounded by it, like- 
wise the gates and those parts of the mold that lie 
nearest a gate orifice. Large flat or cylindrical vertical 
surfaces, however, are often free from adhering sand. 
The parts susceptible to adhesion are characterized by 
being most exposed to heat and/or erosion. 

The properties of the steel generally regarded as 
capable of affecting sand adherence are the tempera- 
ture and the fluidity. Fluidity, however, is a com- 


* Research Mining and Metallurgical Engineer, Metallograf- 
iska Institutet, Stockholm, Sweden. 
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posite property, involving among other things the 
temperature, the viscosity and surface tension. With 
alloy steel there is often in addition a strong disposi- 
tion to reaction with the material of the mold. 
Molding sands have exceedingly complicated prop- 
erties. Grain size, grain distribution, permeability 
and sintering point haye been found to have signifi- 
cance as regards adhering sand. Other properties, 
such as high-temperature strength, resistance to therm- 
al shock and expansion and contraction may also be 
thought to have an effect, as also moisture content 
and the nature of the binder, e.g., whether organic 
or inorganic, gas producing or not gas producing. 
Several of the properties stated are dependent on each 
other, making it difficult to distinguish their specific 
effects. Permeability as also sintering point are de- 
pendent on the size and distribution of the grains. 
Both these properties increase with increasing grain 
size. Strength of sand and other properties of the 
mold are also dependent on how effectively the ram- 
ming has been done and how the mold has dried, etc. 
As may be seen, there is a very large number of 
factors that can be supposed to affect the steel pene- 
tration and it is a question in the first place to study 
which of these are of essential importance. The pres- 
ent investigation is an attempt to survey the action 
of some of these factors and at the same time an at- 
tempt to discover the mechanism of the penetration. 


Survey of Previous Work 


The oldest opinion was that the adhesion was 
caused by too low refractoriness in the sand, so that 
it fused and in some way became welded to the steel. 
Thus arose the old term “burn on.” 

A later theory was that the steel was oxidized on 
the surface, after which iron oxide reacted with the 
quartz to form low-melting silicates, which were 
drawn into the pores and bound the sand fast.’ * 
After it was found that steel was present in the pores, 
the theory was modified by the assumption that metal 
was reduced out of the silicate at a later stage.?: 3 

One of the first to abandon the old idea that sand 
adherence was due to fusion was Vaska.* He con- 
sidered that actual adherence did not occur before 
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the steel had penetrated into the sand. The condi- 
tion for the penetration was that the steel remained 
fluid long enough and that the sand became sufh- 
ciently heated for the steel to be able to penetrate 
into pores and cracks. Moreover, he considered that 
penetration could be prevented if a dense slag layer 
were formed by reaction between the sand and oxides 
formed on the surface of contact. Not too high a 
sintering temperature in the sand would therefore be 
an advantage. 

Caine®.® carried out extensive experiments with 
cylindrical test specimens of different molding sands 
placed in a mold. He did the casting at different 
temperatures and measured the depth of penetration. 
Caine regarded the penetration as a mechanical pro- 
cess, with the depth of penetration dependent on the 
size of the pores present in the sand to begin with or 
arising on contact with the steel by partial fusion. 
Further, he considers that the temperature of the 
sand must at least be above the solidus temperature 
of the steel for the penetration to be possible. He 
found that the penetration depth increased rapidly 
with increasing grain size in the sand and with in- 
creasing casting temperature. 


Effect of Sintering Point 


The effect of the sintering point was that as a rule 
a low-sintering point was favorable, but at the same 
time he considers the most important cause of pene- 
tration was the formation of large pores in the sand 
through fusing, particularly of the smaller sand grains. 
Caine does not attach any special significance to the 
chemical reactions. He goes so far as to state that 
the presence of silicate of iron in the sand after cast- 
ing could never be demonstrated. He found that an 
admixture of organic substance, e.g., flour or dextrin, 
appreciably diminished the tendency to adherence, 
which he considers to be a result either of the in- 
creased gas pressure or of the steel becoming “over 
reduced” and consequently sluggish. From experi- 
ments with impurities in the sand, Caine draws the 
conclusion that if refractoriness is too low this may be 
an important cause of penetration—an opinion that 
appears to have been accepted in other quarters also.’ 

Woodliff® found that penetration due to crack for- 
mation in the sand (veining) occurred especially 
when the sand was uniform, with the bulk on three 
adjacent screens. 

A theory that the steel penetrates into the sand in 
the form of vapor has been put forward by Jones.® 
He observed (with green-sand casting) that if the steel 
is tapped off or through some accident runs out of 
the mold immediately after pouring there is found 
a shell of solidified steel] adjoining the mold walls and 
the sand is fairly easily stripped from this shell. From 
this he draws the conclusion that the penetration 
takes place after solidification has proceeded further 
and assumes that it can therefore only take place via 
gas phase. 

Beeley and Protheroe’® have studied the effect of 
the casting temperature on the sand adherence by 
means of casting experiments. They found that for 
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each kind of sand there was a critical temperature, 
at which penetration started. The type of casting 
used was of small section, so that extremely high temp- 
erature was required for penetration to occur. 

The reactions in the mold-metal interface have 
lately been considered with great interest. Dietert 
and co-workers! demonstrated as early as 1944 how 
it was possible by heating a steel pin embedded in 
sand to obtain the same reaction products as in stec] 
casting. Nevertheless all investigations have been de- 
voted to the final products after casting and there- 
fore comprise the reactions in the solid state.'® 12, 15. 
15,17 Nor has it been possible to draw any conclu- 
sions of significance from the results of the experi- 
ments. In all cases fayalite was demonstrated in the 
sand nearest the steel. 

Portevin and Bastien’* demonstrated as long ago 
as 1936 on a purely theoretical basis that the capillary 
forces must be of great significance for the penetra- 
tion of the steel into the sand. This appears, how- 
ever, to have been neglected and not until quite re- 
cently were a couple of papers published in which the 
capillary forces were considered. 

An interesting work is that carried out at Cam- 
bridge by Hoar and Atterton.!®> They have gotten 
away from casting conditions and made use of in- 
genious apparatus to force molten steel into the sand 
by means of gas pressure. In this way they have shown 
that the critical pressure required for the metal to 
penetrate is dependent on the surface tension of the 
metal. They assume, besides, that the grain size of the 
sand has great effect on the sand’s thermal diffusivity 
and therefore the depth of penetration. The penetra- 
tion is assumed to take place instantaneously and im- 
mediately a sufficient pressure is reached. The re- 
quisite pressure is stated as being as high as 35 to 110 
cm steel column. 


Effect of Static Pressures 


In Canada, Gertsman and Murton!® have carried 
out casting experiments with different static pres- 
sures. They do not seem, however, to have reached 
the conclusion that the capillary forces were respon- 
sible for their results. ‘Time-temperature curves taken 
from the cores show that the temperature rises more 
rapidly in coarse sand than in fine sand. 

In Sweden, the problem of adhering sand was stud- 
ied in conjunction with an extensive investigation 
into the question of sand for the casting of steel, 
which was carried out by the research organization 
of Jernkontoret (The Swedish Ironmasters’ Associa- 
tion) some years ago and which was published by 
Ljunggren.1*7 The adhesion was found to increase 
with the gas permeability, increased grain size and 
increased sintering point for the sand. On the other 
hand, no difference was found with the employment 
of various clays. From a microscopic investigation 
carried out by Prof. P. J. Holmquist it was ascer- 
tained that the adhesion was due to the steel pene- 
trating into the sand and that chemical reactions 
took place which gave rise to slag formation. It was 
found that the slag formation was strongest in those 
layers of the mold which were easily detached from 
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the casting. The pores there were entirely filled up 
with slag products, mostly glass, fayalite (ferroman- 
ganese silicate), oxide of iron and tridymite. It was 
therefore assumed that the slag formation might 
counteract the penetration. 

\s with the present work, most of the earlier in- 
vestigations deal with dried sands. In an investigation 
by the Swedish Ironmasters’ Association Research Or- 
ganization, recently published by Berglund,'* con- 
cerning sands for green-sand casting, a number of re- 
sults of general interest were obtained. Among other 
things, it was found that an addition of cereal prod- 
ucts in contents exceeding 1 to 2 per cent gave an 
increased disposition to penetration, whereas an ad- 
dition of sludge containing iron oxide compounds 
(initial product for a red paint) had a markedly fav- 
orable effect. Moreover the relation between per- 
meability or grain size and penetration seemed to be 
lost with fine sands owing to the superimposition of 
other factors. 


Present Investigation 


Scope of work. Experimental procedure—The first 
object of this work was to study the chemical reac- 
tions in the zone of contact between steel and sand. 

To begin with the author had to visit a number of 
steel foundries to study how the problem looked in 
practise and to obtain suitable samples for closer in- 


vestigation. 

Samples of both adhering and non-adhering sand 
layers were then studied in metal microscopes, min- 
eral microscopes and by chemical analysis. It was 
found difficult, however, to draw any fruitful con- 
clusions from the observations. The reason for this 
was apparent when it was learned that all the reac- 
tion products observed might be formed in contact 
between solid steel and sand. Attempts were then 
made to study the slag formation when the steel was 
molten and when it was solid. It was realized, how- 
ever, that it was necessary to try to attack the whole 
problem of adhering sand right from the beginning. 

Since 1948 a high-frequency furnace has been avail- 
able for this investigation. This has enabled the ex- 
periments to be carried out under good control and 
with fairly large possibilities of variation. The main 
investigations have been based on the immersion of 
cylindrical sand test specimens in molten steel. The 
properties of the sands, depth below surface, steel 
temperature and composition as well as the duration 
of contact between steel and sand have varied. 

A number of casting experiments were made as 
supplement to the immersion tests. 

Microscopic examination has been made parallel 
with the other investigations throughout the time. 

The immersion experiments and the casting experi- 
ments are described below. 


Immersion Tests 


The action of a circulating, but not very eroding, 
melt on molding sand enclosed by it has been studied 
by means of cylindrical test specimens of molding 
sand attached to mild steel tubes being maintained 
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immersed in molten steel in a 150-kg (320-lb) high- 
frequency furnace. During the time the sand was 
immersed in the molten metal the temperature was 
kept constant. 

The sand molds were mixed in a laboratory mixer. 
Normally 5 per cent bentonite (Western bentonite) 
was used as bond. 

Cylindrical test specimens of 50-mm _ diameter 
(approx. 2 in.) and 50 mm high were rammed in a 
test piece rammer of the type usually employed in 
foundry laboratories and which gives constant ram- 
ming action for an equal number of blows. 

The method first used for the attachment of the 
test specimens was later replaced by one more suit- 
able. Only the latter will be described here. 

After a modification of the usual standard rammer 
had been constructed, test specimens with a hole right 
through were produced by the method shown in Fig. 
1. The fitting was done on perforated tubes of mild 















































Fig. 1—Arrangement employed for preparing sand 
specimens. 


steel. As a rule a set of identical test specimens was 
mounted on one tube, enabling tlie effect of the hy- 
drostatic pressure conveniently to be studied. The 
joints between the specimens were tightened by a 
mold wash. The ready fitted rods were as a rule dried 
at about 390 F (200 C) for one night. 

The dried rods were taken out of the drying furn- 
ace about half an hour before the immersion test, 
the depth of immersion being marked with a string. 
When only the penetration in the lowest test speci- 
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men was to be studied the immersion depth was mea- 
sured from the middle of the test specimen. 

To facilitate the experiments a holder device pro- 
vided with weights was made, with which four tubes 
could be kept immersed in the furnace at one time 


(Fig. 2). 


Fig. 2—Arrangement for holding rods during 
immersion, 


The temperature of the steel was checked by means 
of immersion thermocouples. Screen curves were 
plotted for each sand tested and the average grain 
size was computed. In addition the green perme- 
ability for air, green strength and density were de- 
termined for the prepared molds. 

Penetration depth in mm was used as measure of 
penetration. When penetration takes place in the 
form of very scattered veins this is not sufficient. The 
measurement of penetration depth can only be ap- 
proximate ( about + 5 per cent) as individual metal 
tips may shoot in for different distances. 


Laboratory Casting Experiments 


The object with the casting experiments was not 
to study systematically by casting the problem of ad- 
hering sand, but only to complement the results ob- 
tained with the immersion method. 

Efforts were made to obtain information about the 
effect of: varying grain size and grain distribution, 
different hardnesses of ramming, different binders and 
binder contents, admixture of reducing or oxidizing 
agents, internal gas pressure in the metal on solidifi- 
cation, etc. 

If adhering sand (metal penetration) is to be stud- 
ied by means of casting experiments without taking 
abnormal measures, heavy pieces must be cast, pre- 
ferably with a weight exceeding 500 kg (1000 Ib). 
That, of course, is not possible in a laboratory, where 
only small test pieces can be cast. Because of this it 
was in many cases difficult to arrive at definite con- 
clusions from the results of tests. 

Three cast test specimens, A, B and C, were em- 
ployed: Test specimen A (Fig. 3) with a cast weight 
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Fig. 3—Cast specimen A. 


Weight of casting about 
80 Ib. } 


of about 36 kg (approx. 80 Ib) was that usually em- 
ployed. It has in relation to its size a great tendency 
to penetration. 

Test specimen B (Fig. 4) with a cast weight of 
about 20 kg (approx. 44 lb) was employed for the 
study of penetration in internal cores. 

Test specimen C (Fig. 5) with a cast weight of 
about 7 kg (approx. 15 lb) was employed in some ex- 
periments with raised gas pressure in the metal. 

Before pouring, the temperature was checked by 
immersion thermocouples in furnace and ladle. The 
pouring temperature was usually around 1575 C (ap- 
prox. 2870 F). 


Observations with Adhering and 
Non-Adhering Sand Layers 


In favorable cases the mold material is easily de- 
tached from the casting and the sand adjacent to the 
steel can then usually be removed in the form of 
coherent layers or cakes. Such a cake is made up of 
different zones. A thin, more or less cohesive surface 
zone which has lain close up against the steel is blue- 
black and consists for the most part of iron oxides 
(Fe.O; and Fe,0,). This zone corresponds to a simi- 
lar layer on the steel, which in this case has a rela- 
tively smooth dark blue surface. Inside the surface 
layer comes a dark gray-black zone, the thickness of 
which is dependent on the size, etc., of the casting. 
With heavy castings the zone is usually 3 to 5 mm. 
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Fig. 4—Cast specimen B. Weight of casting about 
44 Ib. 


Fig. 5—Two cut specimens of type C weighing about 
15 lb. The left section shows penetration caused by 
internal gas pressure. 


Next follows usually a more or less thick zone, in 
which the sand is sintered and almost white in color. 
The light color is due to the organic substances hav- 
ing been burnt ‘away. After the sintered zone there 
may come a less firmly coherent zone with a brownish 
color, which probably is derived from organic sub- 
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stances that have been scorched. Lastly comes the un- 
affected sand. 

Only the dark zones that have been nearest the 
steel are of interest. The blue-black surface layer, as 
stated, consists of iron oxides and has obviously been 
pulled off the steel during cooling. Owing to the 
different shrinkage in the steel and the sand the oxide 
layer has been worn to pieces and partially accompan- 
ied the sand, to which it appears to adhere firmly 
and solidly. On the other hand, it is well known 
that in the oxide crust on steel an outer layer con- 
sisting of Fe,O,; + Fe,O, is easily scaled from the 
steel. The fact that even the skin of the casting as- 
sumes a blue color from Fe2O3; probably means that 
the separation of the sand was done at a fairly high 
temperature and that the steel surface was again oxi- 
dized afterwards. From these observations it would 
seem that the sand detaches easily from the casting 
when the casting is smooth (no penetration) and the 
oxidation is sufficient for the formation of an an- 
nealed crust rich in Fe,O;. Some experiments that 
have been performed also confirm that the sand loos- 
ens less easily if the oxidation of the steel surface 
does not go further than to the approximate composi- 
tion FeO. (If, as with cast iron, it is possible prac- 
ticaly speaking to prevent oxidation entirely, then 
again the sand detaches easily). 

The dark zone inside the outer layer is found on 
microscopic examination to consist of quartz grains, 
more or less cracked nearest the surface of contact 
and partially converted to cristobalite though never to 
any great extent. The interstices between the quartz 
grains are almost entirely filled with slag products 
(Fig. 6), chiefly fayalite, tridymite and glass of yellow 
or brown color and usually small amounts of iron 
oxide (Fe,Q,). 

When the sand adheres very hard to the casting it 


Fig. 6—-Photomicrograph of non-adhering sand layer. 
Spaces between quartz grains filled with dark slag. 
Transmitted light. Mag. 75x. 








PENETRATION OF STEEL INTO MOLDING SAND 


Ftg. 7A—Macrograph of adhering sand layers. Steel 
(light colored) has penetrated the sand. Mag. 10x. 


Fig. 8—Sectional view of adhering sand layer. Rounded Fig. 9—Sectional view of adhering sand layer. Quartz 
iron beads in the quartz. Mag. 600x. (darkest), slag is fayalite and iron beads in eutectic 
arrangement. Mag. 500x. 


Fig. 10—“Dense penetration” in coarse sand. Mag. 50x. Fig. 11—“Sparse penetration” in fine sand. Mag. 50x. 
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Fig. 12—Sectional view of adhering sand layer. Strings 
of slag between sand grains. Mag. 300x. 


is found that the steel has penetrated into the in- 
terstices between the grains (Fig. 7). In some cases, 
especially when the steel has eroded the mold there 
can be said to be an inter-effect, with the sand pene- 
trating into the steel at the same time. In those parts 
where much steel has penetrated, the sand is not par- 
ticularly dark in color and on microscopic examina- 
tion is found to contain comparatively, little slag 
constituents. The quartz grains often have cracks and 
may be partially converted. Inside the quartz grains, 
and in slag formations present between them, small 
beads of iron are encountered, which were in solu- 
tion at high temperature and have later separated 
during cooling (Fig. 8). Sometimes eutectic struc- 
tures of fayalite, iron and tridymite or glass occur 
(Fig. 9). 

The microstructure of the steel present in the in- 
terstices of the sand is largely the same as in the cast- 
ing itself.* Existing departures from the normal struc- 


* This fact refutes the theory advanced by Jones’ that the 
steel penetrates in the form of gas. 


Fig. 13—“Dense penetration” in sand specimen; well 
graded sand.. Approximately actual size. 
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ture may be explained as a result of oxidation. An 
observation of great interest is that the metal that has 
penetrated is distributed in the sand differently in 
different cases. In a sand with high average grain size 
(and high sintering point) the metal fills up the 
spaces between the grains fairly uniformly (Fig. 10). 
In fine sands, on the other hand, the intruding metal 
often forms rather coarse, more or less sparse, veins 
or branches, not to be confused with “veining.” Be- 
tween the metal veins the quartz grains lie in densely 
packed groups often sintered together (Fig. 11). This 
shows that mechanical changes have occurred in the 
sand in conjunction with the penetration. This is 
supported by another observation, namely that there 
can be seen in the microscope slag strings running 
through the steel from one sand grain to another (Fig. 
12), which suggests that the grains are split apart by 
the penetrating metal. (This interpretation of the 
slag strings is not, however, the only possible one). 

A special case is constituted by that where a smooth 
and almost dense surface has been produced on the 
mold by some kind of mold wash, but still there has 
been penetration. The sand lying behind may then 
be filled with steel, while the outer surface is per- 
meated only here and there in pores and cracks. Such 
a mold layer is often rather easy to strip. 


Distribution of Penetrated Steel in Sand 


As stated above, it can be observed in the adher- 
ing mold layer that the penetrating steel is distri- 
buted in different ways in different cases. This con- 
dition can be studied more systematically in test spe- 
cimens from the immersion tests. 

If the sand is well graded, it is usually possible to 
distinguish an outer zone where the steel fairly com- 
pletely fills the interstices between the grains, and an 
inner zone which extends 2 to 3 mm farther in the 
steel in the form of veins becoming more and more 
sparse inside (Fig. 13). This inner zone has often a 
rather uneven front. The type of penetration repre- 
sented by the outer zone, i.e., well-filled pores, will 
hereafter be referred to as dense penetration while 
the other type will be called sparse penetration. 


Fig. 14—“Sparse penetration” in sand specimen; 
widely distributed sand. Approximately actual size. 
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In some cases, where the grain size (really the pore 
size) is small in relation to the pressure of the metal, 
no dense penetration occurs, but the penetration 
takes place solely in the form of separate or only par- 
tially connected veins, which are coarse in compari- 
son with the average grain size. With widely dis- 
tributed sands this is the usual type of penetration. 
Even in these cases it is possible to distinguish still 
sparser zones with uneven fronts (Fig. 14). 

The presence of these zones may be explained in 
the following manner: To begin with, penetration 
takes place only in the largest pores existing in the 
sand. Even afterwards penetration takes place in 
these first. Gradually, however, a part of the smaller 
pores are also filled. How large a part is filled de- 
pends on the metal’s pressure and the grain distribu- 
tion. If the pressure is high, the greater part are 
filled; if the pressure is comparatively low, however, 
or if the size of pores varies greatly, as in widely 
distributed sands, then the steel can only penetrate 
into the larger pores and these are then enlarged at 
the expense of the smaller. Even with well graded 
sand and high pressure such displacements in the 
sand would appear to occur, but they will not be of 
any great extent, as there are then available for the 
steel several equivalent paths. 


Effect of Factors on Penetration and Adherence 


1. Effect of the time factor—In immersion tests it 
was possible to observe that, at least at low tempera- 
tures, a steel layer was formed around the sand mold. 
With longer immersion this layer melted. No pene- 
tration occurred as long as the steel crust was whole. 
The melting time for different temperatures was 
therefore studied by test specimens of a given sand 
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Fig. 15—Relation between melting time for the steel 
shell formed on immersion and the temperature of 
the molten steel. 


DEPTH OF PENETRATION 


PENETRATION OF STEEL INTO MOLDING SAND 


being submerged somewhat under the surface of the 
steel and maintained there for a series of times of 
different lengths. The thickness of the steel crust, 
which first grew and then diminished, was studied 
and the time for complete melting was noted. Figure 
15 shows the melting time as function of the tempera- 
ture. As may be seen, the melting time decreases 
rapidly with rising temperature, approaching zero at 
high temperatures, i.e., no steel crust worth mention- 
ing could be formed. At 1550 C (2820 F), used as 
standard temperature in the experiments, the time of 
melting is insignificant. The times measured apply, 
of course, only to the experimental conditions. 

As it was of great interest for many reasons to sce 
how the penetration rate varied with the penetration 
depth (the time) a number of test series were carried 
out with varying times of immersion in the molten 
metal. As may be seen from Fig. 16, the penetration 
depth increases almost linearly with the time up to 
approximately 12-mm penetration depth, and after 
that the rate of penetration increases more rapidly 
With low temperature in the steel the penetration 
does not begin until the steel layer which solidifies on 
the mold has re-melted. In the linear range the rate 
of penetration is evidently almost constant for a given 
time and the depth of penetration is therefore a 
measure of the rate of penetration. The fact that rate 
of penetration increases with greater depth of pene- 
tration may be due in part to thermic factors and in 
part to the ramming not being so effective farther 
in. That the thermic factors are the most important 
is shown by sintering experiments made by immers- 
ing test specimens composed of relatively easily sin- 
tered sands to a depth so small that no penetration 
was obtained. Figure 17 shows the results. The curves 
obtained for sintering depth versus time are of the 
same character as the curves in Fig. 16. 

When casting, the time the sand remains in contact 
with molten steel is determined by a number of fac- 
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Fig. 16—Depth of steel penetration vs time in the melt 
a fine sand at a steel temperature of 1550 C (2820 F). 
at constant pressure (30 cm, 1 ft, steel column).- Full 
curves are for a coarse sand at three different tem- 
peratures. The broken curve shows the relation for 
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tors, e.g., the size and shape of the mold, the cast- 
ing temperature and the manner of casting. In prac- 
tice, penetration is most likely to occur in those parts 
and those castings where steel remains fluid longest 
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Fig. 17—Depth of sintering vs time of immersion in 
molten steel for three sand specimens with different 
sintering temperatures. 














in contact with the sand. It appears to be usual that 
the penetration is preceded by a thin steel crust first 
solidifying on the sand and then being re-melted, 
especially in the vicinity of gates. Even after solidifi- 
cation adhesion is influenced by the time factor. The 
longer the casting is in cooling the more oxides and 
slag are formed in the mold-metal interface and this 
slag formation seems to favor the detachment of the 
sand from the casting. 

2. Effect of static pressure of the metal—With the 
method employed by the author it has been possible 
to obtain a continually varying pressure on the same 
sand, from zero at the surface of the metal to a 
maximum of about 40 cm steel column at the bottom 
of the furnace. Figure 18 shows the relation between 
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Fig. 18—Relation between depth (rate) of penetration 
and the pressure of the melt on the sand. Steel tem- 
perature 1550 C (2822 F). Immersion 3 min. The 
figures on the three curves give average grain size in 
mm for the corresponding sands, equivalent to A.F.S. 
GFN 27, 44 and 65 respectively. The irregularity of 
the penetrating steel front is indicated on the curves. 
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the static pressure and the penetration depth for 
three sands of different coarseness. The steel tempera- 
ture was 1550 C (2820 F) and the time of immersion 
$ minutes. Curves of the same type were obtained 
in other tests, but to simplify the graph only three 
curves have been included. As may be seen, a cer- 
tain minimum pressure (minimum depth) is required 
for any penetration to take place. With rising pres- 
sure there is obtained to begin with a very sparse 
penetration and gradually the penetration becomes 
denser and the depth of penetration (rate of pene- 
tration) starts to rise in proportion to the increase of 
pressure. The coarser the sand is, the smaller the 
pressure required for penetration to start and the 
more rapidly the penetration takes place. 

The significance of pressure for penetration has 
been confirmed by casting tests, partly by casting in 
molds of different heights and partly by producing 
gas pressure in the metal on solidification. By add- 
ing water to the melt or by incomplete deoxidation 
of the steel it has been possible to get penetration 
even in very small castings (Fig. 5) and with larger 
castings the result has sometimes been exceedingly 
deep penetration. It should be observed that the 
maximum static pressure of the metal is not deter- 
mined solely by the height of the mold. The metal 
pressure can only be effective if the sand is in contact 
with molten metal. The maximum effective pressure 
in a mold at a given moment therefore is the differ- 
ence in level between the upper surface of the molten 
metal and the lowest part of the mold where the steel 
has not yet solidified to a dense layer. 


3. Effect of temperature of the metal—The effect of 
temperature on the rate of penetration was investi- 
gated by immersion tests in steel melts with approxi- 
mately the same analysis but different temperatures. 
Figures 16 and 19 show some of the results. As anti- 
cipated the rate of penetration increased with the 
temperature. 

A high casting temperature should therefore in 
itself lead to an increased disposition to penetration. 
At the same time a high metal temperature (in re- 
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Fig. 19—Depth (rate) of penetration vs steel tempera- 
ture. Immersion in the melt 3 min. Depth below 
surface 30 cm (1 ft). The four curves show the results 
with sands of different grain sizes. 
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lation to the solidification temperature) means that 
the time for contact between the molten metal and 
the sand will be longer and the maximum effective 
pressure will be greater than normal, and this also 
favors penetration. The fact that the casting tempera- 
ture is of decisive significance for the penetration is 
also confirmed by the casting tests. 


4. Effect of composition of the molten metal—Only 
mild carbon steel and cast iron have been used in the 
tests. The contents of carbon, silica and manganese 
have varied within fairly wide limits: C — 0.08 to 3.5 
per cent, Si — 0.05 to 1.0 per cent, Mn — 0.05 to 1.2 
per cent. 

A noticeable effect on penetration was observed 
only from the carbon content. From the tests made 
with varying carbon content it appears that the re- 
sistance to penetration increases continuously with 
increasing carbon content. On immersion in cast iron 
under normal test conditions (depth 30 cm, approx. 
1 ft; temp. 1550 C, 2320 F) a penetration depth of 2 
to 3 mm was obtained with the coarsest of the sands 
tested (average grain size = 0.63 mm — A.F.S. 27). 
With normal grain sizes no penetration was obtained. 
In the normal range of carbon content for steel. cast- 
ings, the effect of variation in carbon content was also 
quite noticeable, though the difference should not 
have any practical significance. 

If the manganese content is so high in relation to 
the silicon content that the quartz is attacked, one 
might expect that the penetration would be strongly 
affected. As the lining of the furnace used for the 
tests is acid and is therefore severely attacked by 
high manganese contents, the contents for the experi- 
ments had to be limited to not more than about 1 
per cent. No marked effect of the manganese con- 
tent appeared in spite of the lining and the mold 
being attacked. 

No clear effect of different silicon contents were 
noticed. With high silicon contents a slight tendency 
to increased penetration could possibly be observed. 


With plentiful addition of aluminum to the steel 
bath before and during immersion the penetration 
was less deep than normal. It is not, however, certain 
that this effect is due to aluminum dissolved in the 
steel. It can also be supposed that the pores in the 
sand were partially stopped up by the slag particles 
formed in the melt on addition of aluminum. 

No effect could be observed from pouring water on 
the surface of the bath before and during immersion 
(effect of hydrogen). 

Nor was there observed with casting tests any defin- 
ite difference in respect of penetration for different 
contents of manganese and silicon. The effect of car- 
bon content was not so pronounced with the casting 
tests as with the immersion tests. This is due to sev- 
eral reasons. With high carbon content solidification 
begins at lower temperatures than with steels having 
low carbon content and moreover the solidification 
range is wider. The solidification time therefore will 
be longer with high carbon content than with low, 
particularly if the casting temperature, as in this case, 
is the same. During cooling the oxidation of the 
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iron in the surface will be less. Due to this fact the 
sand will adhere to cast iron and steel with high car 
bon content even if no penetration takes place. Never 
theless, penetration has often taken place in casting: 
when no penetration was obtained with immersio1 
tests using the same sand and metal. The penetration 
then occurred mainly in the form of fin-like or warty 
formations and appears to be connected with mech 
anical changes in the sand. 


5. Effect of grain size and grain distribution of the 
Sand—Over 100 immersion tests were carried out with 
pure silica sand. Besides the original sands, a number 
of mixtures and fractions of various sorts of sand were 
tested. 

The test procedure was to keep test specimens im 
mersed for 3 minutes in steel at 1550 C (2820 F), 
after which the depth of penetration was measured 
at a level lying 30 cm (approx. | ft) below the surface 
of the molten steel. In Fig. 20 the results are given in 
a graph showing the penetration depth as function of 
the average grain size of the sand.* ** 
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lig. 20—Depth (rate) of penetration vs average grain 

size of sand for an immersion time in the melt of 

3 min and a Steel temperature of 1550 C (2820 F). 

The hatched area applies to sands with a wide grain 

size distribution and the checkered area to well-graded 
sands. 
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Practically all the individual values lie within the 
areas of the curves plotted. For sand sorts that were 
well graded most of the values lie well together, 
whereas the dispersal for widely distributed sands can 
be quite large. As may be seen, the penetration in- 


* This chart must be regarded against the background of 
Fig. 18. The curves of the type given there furnish a more 
complete picture of the properties of the sands. 


** In respect of penetration it is the pore size that is of the 
greatest interest. With graded sands this will be fairly well 
defined by the average grain size. This is not the case with a 
widely dispersed sand where the size of pores will vary con- 
siderably. Despite the denser packing such a sand usually con- 
tains a large number of pores that are larger than those in a 
graded sand of the same average grain size. The same applies, 
e.g., to a blend of a graded sand and a very fine fraction. 
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cicases rapidly with the average grain size. For the 
graded types of sands the relation between grain size 
aud penetration depth could be interpreted as quad- 
ratic. It appears, however, more correct to assume 
that the relation is mainly linear but the penetration 
depth for the lowest grain sizes is greater than cor- 
responds to the linear ratio. Moreover the penetra- 
tion occurs more rapidly at greater depth on account 
of the shape of the test specimen. 

The explanation of the branching off for small 
grain sizes is supported by the penetration changing 
in type—becoming sparser—at the same time as the 
curve begins to bend. As stated earlier, this probably 
is connected with displacements taking place in the 
sand which make possible penetration by veins of 
metal that are coarse in relation to the grain size. As 
a rule with widely distributed sands the depth of 
penetration is greater than with graded sands. With 
very scattered grain distribution the depth of pene- 
tration can be extremely large in relation to the grain 
size, but at the same time it will be exceedingly sparse. 
In such cases the depth of penetration is not a good 
measure of adhering tendency, as the sand with such 
very sparse penetration can very well strip easily from 
the casting, even though the penetration depth is 
great. 

Drawing conclusions from the casting tests de- 
pends on subjective judgment and is therefore rather 
uncertain. The tendency with the casting tests has, 
however, been the same as with the immersion tests. 
A disposition to penetration—often within strictly lim- 
ited areas—appears, however, in cases where according 
to the immersion tests one would not have expected 
any noticeable penetration. 


6. Effect of the sand material—In the immersion 
tests other materials besides silica were tried, viz: Nor- 
wegian olivine, unpurified corundum (abrasive ma- 
terial), electrically sintered magnesia and crushed 
products of chromium magnesite—and fire bricks. 
The greatest deviation from conditions with silica 
sand occurred in testing the electrically sintered mag- 
nesia, as a particularly great penetration was obtained 
and in many cases the test specimens burst on immer- 
sion. This magnesia was obviously not dead roasted, 
but had absorbed moisture and carbon dioxide while 
in store. The same tendency was found in immersion 
tests with crushed fire brick. The other materials 
gave results which to a large extent agreed with those 
obtained with silica sand. This circumstance suggests 
that the transformations of the silica have no decisive 
importance for penetration. It should be remarked 
that none of the tested materials showed less disposi- 
tion to sintering than the pure silica sands. 

Less pure silica with lower sintering point than is 
usual with sand for casting steel was also tested. It 
was then found that with decreasing sintering point 
the depth of penetration is not appreciably affected 
but that the penetration is more and more sparse and 
may cease if the sand is not too coarse, due to the 
fact that a dense sintered surface is obtained. 

Test specimens made of easily sintered silica sand 
or of fire brick showed considerable shrinkage after 
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the tests and were often much deformed, which indi- 
cates that the material was plastic. Test specimens of 
olivine sand also shrank considerably, but showed no 
deformation whatever. 

When casting on sand with a low sintering point 
the casting had an unsightly surface. 


7. Effect of binders and admixtures in the sand- 
(a) Immersion tests—The test procedure was the same 
as in the study of the effect of grain size (depth 30 
cm, approx. | ft, time 3 min, temp. 1550 C, 2820 F). 

Various types of clay did not lead to any difference 
as regards penetration. With high clay contents, 10 
per cent or over, there appeared a change in the na- 
ture of the penetration. This was chiefly caused, how- 
ever, by sintering starting to take place then. 

Silica flour in contents less than 10 per cent had 
very little effect on the penetration. With higher con- 
tents the tendency to sintering was clearly increased. 

Admixture of pulverized oxide of iron (Fe,O3) or 
manganese or (MnQ,) likewise resulted in increase 
of sintering tendency. 

The addition of cereal substances, such as flour and 
dextrin, had as a rule a definite preventive effect on 
the penetration, but not with coarse sand. With the 
higher contents of dextrin, 2 per cent or more, the 
penetration could sometimes be increased. Lamp- 
black and powdered graphite also decreased the rate 
of penetration. 

The addition of powders of aluminum, silicon or 
silicon carbide hindered penetration. The effect of 
aluminum was decidedly the strongest and 2 per cent 
was sufficient to produce a noticeable effect. With | 
per cent aluminum (and over) penetration was en- 
tirely absent in sand molds with an average grain 
size in the sand of less than 0.33 mm. With higher 
contents of Al (> 2 per cent) the mold became hard 
sintered. 

b. Casting tests—(1). Test specimen A: Different 
types of, or different contents of clay binders had no 
manifest effect on penetration. 

On admixture of 15 per cent kieselguhr (fossil 
meal) the sand was strongly sintered and the surface 
of the casting was unsightly and irregular. A certain 
amount of penetration occurred in the grooves (pores) 
of the sand. 

Addition of small contents of iron oxide had no 
noticeable effect. With larger contents the casting 
surface became unsightly. 

The addition of graphite (fairly coarse) resulted 
in a coarse unsightly surface and the adherence be- 
tween the sand and the casting was increased. 

Addition of aluminum, silicon, silicon carbide and 
dextrin had more or less the same effect. With small 
contents the effect was on the whole favorable, though 
the adherence caused by reactions in the interface 
was increased. With higher contents there set in, 
particularly with aluminum and dextrin, a tendency 
to veining in the groove and for a penetration which, 
especially in limited areas, could be very deep. Where- 
as dextrin counteracted sintering, Al, Si and SiC had 
the opposite effect. 

(2). Test specimen B: The admixture of various 
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substances in the cylindrical core gave a more favor- 
able effect than in the mold walls of test specimen C. 
Higher contents of dextrin and aluminum could give 
rise to deep veining, whereas lower contents had a 
good effect. A pitch emulsion that was tried had the 
same effect as dextrin. The organic substances made 
the core particularly easy to clean, as they counter- 
acted sintering. Other substances had the opposite 
effect. Oxide of iron had a certain ability to counter- 
act veining. 


8. Effect of moisture content of the sand—Immer- 
sion tests with varying moisture -content (including 
normal green sand) did not allow any definite con- 
clusions. As a rule the effect of moisture content was 
surprisingly small or imperceptible, apart from ex- 
plosions which might occur with high contents. 

In casting tests the sand was more easily detached 
from the casting with green sand than with dried 
sand, owing to the oxidizing action of the moisture. 


9. Effect of the ramming density—As there was rea- 
son to believe that loosely rammed sand might offer 
less resistance to penetration than well rammed sand, 
a number of tests were made of test specimens with 
different degrees of ramming. The following results 
were obtained for two different steel temperatures. 


No of rammer blows 5 2 1 


5 2 ! 
Density, g/cm* 1.49 143 140 1.38 
Permeability 308 347 398 512 
3 max 7 


Penetration depth at 1550 C (2790 F) 3 3 
ss ”  " 1560 C (2810 F) 7 7 7-8 max 13 


Definite effect of the degree of ramming was thus 
obtained only with very loose ramming. At the same 
time the character of the penetration changed and 
two zones could be distinguished: an outer zone with 
the same appearance as for hard-rammed test speci- 
mens and inner zone where the penetration was 
sparse and uneven and had obviously proceeded very 
rapidly. The cause of this is obviously that even with 
loose ramming of the test specimens a fairly tightly 
packed outer layer arises. 

In casting there occurred a great disposition to 
veining with loose ramming. 


10. Effect of permeability of the sand — It seems 
natural to assume that there would be a simple rela- 
tionship between the rate of penetration of the steel 
in a sand and the ability of the sand to allow the pas- 
sage of gas. Figure 21 gives graphically the relation 
between the permeability of the sand and the depth 
of penetration on immersion to 30 cm depth (approx. 
1 ft) in steel at 1550 C (2820 F) and an immersion 
time of 3 min. The graph has approximately the same 
character as the graph showing the relation between 
average grain size and depth of penetration (Fig. 20). 
The correlation is better, however, in Fig. 20 than in 
Fig. 21. 


11. Effect of mold washes—To begin with some at- 
tempts were made to produce a dense surface by paint- 
ing the test specimens before drying with pastes of 
various refractory materials in water along with ben- 
tonite or fire clay as binding materials. Only a slight 
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decrease of penetration depth was obtained. Nor did 
the admixture of aluminum in the mold wash have 
any significant effect. A proprietary American mold 
wash, however, displayed good effects. On contac: 
with the molten steel there was formed a dense glazed 
surface which effectively prevented penetration by 
the steel. Similar results could be obtained later with 
a mold wash with a silica flour base, of a composition 
more suitable than those previously tried. Neverthe- 
less a certain variation in results could be obtained 
even with the best mold washes. 

In casting tests the sand was easily detached if suit- 
able mold wash was employed. This was due in the 
first place to a smooth surface being obtained, but 
the penetration and veining were also prevented to a 
great extent. When considering the favorable results 
with mold castings it must be remembered that the 
experimental molds employed were very small. 


12. Effect of thermal diffusivity of the sand—The 
thermal diffusivity of the sand should have some in- 
fluence on the rate of penetration. Judging from the 
different experiments with various materials in the 
sand, differences in the heat conductivity of these 
materials would have no great significance. On the 
other hand it may be supposed that grain size and 
grain distribution would appreciably affect the therm- 
al diffusivity of the sand.'*. 16 In order to test this, 
some orientating immersion tests were made with 
thermocouples inserted in the test specimens, with 
the hot junction about 5 mm (0.2 in.) from the sur- 
face. 

Only two grades of sand, with average grain size 
0.32 and 0.64 mm (A.F.S. 50 and 26 respectively) 
were employed. Figure 22a shows the time-tempera- 
ture curve for a depth of 30 cm below the surface 
of the steel. It is indicated on the curves when the 
penetrating steel reached the hot junction of the 
thermocouple. Figure 22b shows the corresponding 
curves for a depth of 5 cm (2 in.) below the surface 
of the steel, when no penetration occurred. In the 
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Fig. 21—Depth (rate) of penetration vs green perme- 
ability of the sand. Immersion time in the melt 3 
min. Depth under surface of melt 30 cm (1 ft). For 
designations see Fig. 20. 
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Fig. 22A—Variation of temperature with time of im- 
mersion at a point about 5 mm inside the surface of 
two sand specimens with average grain size 0.64 and 
0.32 mm (A.F.S. GFN 26 and 50 resp.). In the course 
of measurement steel has gradually penetrated the 
sand. It has reached the thermocouple after about 
1%4 min in the coarse sand and after 3 min in the 
fine sand. 
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Fig. 22B—Time-temperature curves corresponding to 
those of Fig. 22A but with no penetration of steel. 
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latter case, no definite difference was seen between the 
two grades of sand. As it was difficult to insert the 
hot junction exactly 5 mm from the surface, the re- 
sults for different tests showed fairly great deviation 
and the curves given must be regarded as only ap- 
proximately correct. 


13. Effect of pre-heating of the sand—tIn casting the 
sand is first subjected to heating by radiation from 
the rising melt and by hot gases. In the time taken for 
the steel to rise from a given level in the mold to so 
high a level that the pressure is sufficient for pene- 
tration to take place, the sand is also heated by direct 
contact with the molten metal. Some attempts were 
made to study more closely the effect of such pre- 
heating. 

By holding test specimens just above the molten 
metal before immersion to 30 cm depth an exag- 
gerated effect of the heating from a radiating molten 
metal and by hot gases could be studied.* With the 
comparatively fine-grained material used an appre- 
ciably greater penetration than normal resulted. At 
the same time there were generally obtained deep 
metal-filled cracks (veining). Sometimes parts of test 
specimens broke off during pre-heating. (Such spall- 
ing off may give rise to scabs when casting.) 

In a similar way the effect of a strong pre-heating 
from contact with the molten steel was studied by 
holding test specimens a little under the surface of 
the steel bath for 1 or 2 minutes before they were 
lowered to 30 cm (1 ft) depth. The rather surprising 
result was that no penetration whatever took place 
unless the sand was very coarse (> 0.5 mm, A.F.S. 
No. 40). In the cases where no penetration occurred 
the test specimens were densely sintered on the sur- 
face and had a glazed appearance. As the tempera- 
ture of the melt was usually not kept higher than 1550 
C (2820 F) this strong sintering seemed rather sur- 
prising. 

A strongly contributing reason for the occurrence 
of the dense surface layer would appear, however, to 
have been that fine slag particles eddied round in the 
molten metal and were deposited on the surface of 
the test specimen. Owing to the bath surface during 
the tests being kept almost bare, the oxidation and 
thus the slag formation was greater than usual. With 
very coarse sand the penetration was accelerated by 
pre-heating, but even in this case there occurred a 
considerable sintering effect with sparse penetration as 
a result. 

On trials with pre-heating for 2 minutes at a shal- 
low depth, followed by immersion to 30 cm depth 
and immediately lifting there could be obtained a 
penetration depth of 3 to 4 mm (approx. 14 in.) 
with coarse sand. This shows that penetration can 
take place very rapidly if the sand is sufficiently 
heated in advance. With the same sand, however, 
twice as great penetration depth was obtained when 
a test piece was held for 2 minutes at a depth be- 
neath the surface of 30 cm. 


* Experiments with pre-heating above the melt have been 
made on a large scale by Caine.” 
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14. Effect of chemical reactions at the boundary be- 
tween steel and sand—The chemical analysis of the 
sand which has been in contact with the steel during 
casting shows a rather high content of iron and man- 
ganese oxides. The following analysis for the dark 
zones of a nonadhering sand layer may be given as an 
example: 


SiO, — 88.4 % 
AlO, — 2.47% 
FeO — 6.49% 
Fe.O, — 0.50% 
MnO — 0.29% 


On computing the ratio Mn/Fe in the mold 
layer, it is found that this is about seven times as 
high as in the steel. The sand of a completely pene- 
trated core was likewise found on analysis to have a 
rather high content of manganese. To enable the 
analysis to be made, the sand was leached out of a 
piece of core after treatment in a melt of sodium hy- 
droxide and potassium carbonate. The penetrated 
steel was then left in the form of a spongy mass (Fig. 
98), 


Fig. 23—Spongy formation of steel obtained from a 
completely penetrated core from which the quartz 
has been removed. 


As is shown by the microscopic examination the 
metallic oxides are comprised in the silicate in the 
form of fayalite. Caine’s opinion that iron silicates 
are not present is without doubt incorrect. 

The reason for the concentration of heavy metallic 
oxides in the contact zone must be that the steel is 
oxidized on the surface and the oxides then formed 
are absorbed by and react with the sand. This forma- 
tion of slag on the boundary between the steel and 
the mold may, it is considered, substantially affect the 
penetration of the steel. This, however, can only ap- 
ply to that part of the slag that is formed before the 
steel has definitely solidified on the surface and not 
to the slag formed while the casting is cooling. 

Basing on the equilibrium conditions prevailing in 
the molten state in the system Fe-Mn-Si-O?! cer- 
tain assumptions can be made concerning the slag 
which should be formed in a casting while the steel 
is molten. At the interface between the steel and the 
sand there is never any equilibrium, though the dif- 
ferent components are striving all the time to attain 
one, and it is therefore possible to forecast qualita- 
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tively what will happen. Normally there prevails a1 
oxidizing atmosphere during the casting of steel, and 
the alloying elements, mainly silicon and mangan 
ese, are consumed on the surface of the steel. 

Diffusion takes place rapidly in the molten steel 
however, and it can therefore be reckoned that wher 
it contacts the mold there is a composition of th« 
steel that does not depart too much from the aver- 
age. A criterion for this is provided by the fact thai 
the steel normally becomes free from blow holes. In 
fact, if the silicon content is appreciably lowered th: 
steel will no longer be killed and bubbles of CO will 
form. If any appreciable difference from the average 
analysis arises in normal castings this must occur in 
a very thin surface layer where CO can go away with- 
out bubbles being formed. 


Metal and Sand Conditions 


With reference to the above equilibrium conditions 
the following cases may be considered as occurring 
between the melt and the sand: 

a. The manganese content is not appreciably high- 
er than the silicon content: Owing to oxidation a pure 
silicon dioxide slag is formed on the steel surface. 
The silicon content is then decreased in the steel. 

b. The ratio Mn/Si is higher than in “a”: Oxida- 
tion causes on the surface of the steel a fluid mangan- 
ese silicate slag with low iron content. The silicon 
and manganese contents diminish in the steel. 

c. Ratio Mn/Si relatively high as with “b”: By 
reaction between Mn in the steel and SiO. in the 
sand there arises a fluid manganese silicate slag with 
low iron content. The manganese content in the 
steel decreases and the silicon content increases. If 
oxidizing conditions are present, case “b” should 
occur at the same time. 

d. When the silicon content has decreased ac- 
cording to ‘‘a” a transition to case “b” can take place. 

e. When the silicon and manganese contents in 
the bulk of the steel have gone down to abnormally 
low figures the Fe content of the slag may become 
considerable. 

From the above it appears that one can hardly ex- 
pect the FeO content of the slag to be large in rela- 
tion to the MnO content as long as the steel is molten. 
Analysis of the mold layer lying closest to the steel 
surface during casting shows, it is true, that the ratio 
Mn/Fe is many times greater there than in the steel, 
but the MnO content nevertheless is insignificant as 
compared with the FeO content (cf. the example 
above). 

Some attempts were made to study more closely the 
slag formation on contact between molten steel and 
sand. This was done both by allowing a fairly large 
quantity of steel to run through a cylindrical “sprue” 
and by having cylindrical cakes of sand float for 5 
minutes on the top of a steel melt in the high fre- 
quency furnace. In both cases it was found that the 
amount of slag formed was insignificant compared 
with that. formed after casting. Moreover the con- 
tents of FeO and MnO in the slag were of the same 
order of magnitude. 

An analysis of the above-mentioned spongy mass of 
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stcel from a core gave the following result. (For pur- 
poses of comparison, the standard analysis for this 
cast steel is given). 





c% Si, % Mn, % 





Steel from core: 0.05 0.41 0.07 
Standard analysis: 0.20 0.45 0.65 





One indication that these changes took place main- 
ly in the solid state appears from the low C content. 
The cause of the comparatively high Si content is 
hard to determine. It may be due to a quantity of 
mechanically bound silica having come in with the 
analysis, but it may also be considered as a result of 
a certain reaction taking place between the mangan- 
ese and the silicon while the steel was still molten. 
Judging from the structure of oxidized steel layers, 
it would also appear as if Si does not diffuse either to 
the surface to any great extent but is oxidized inside 
the steel forming slag particles. 

Dietert! has shown that if, for example, a cylindric- 
al pin of steel embedded in sand is heated to a temp- 
erature of about 900 C (1650 F) and fusing tempera- 
ture there is obtained a reaction layer of the same 
type as that occurring in casting. Similar experi- 
ments, with the same result, have been made by the 


author. 

From the above observations it is clear that at least 
the main part of the slag products formed in casting 
have occurred by reactions in the solid state. That 
the manganese content in the slag products obtained 


is considerably higher in relation to the iron content 
than in the steel may be due to a certain amount of 
slag formation having occurred in the molten state 
or to Mn, at least at high temperatures, diffusing rela- 
tively rapidly even in the solid state. 

The undoubtable conclusion that the greater part 
of the reaction products observed in the sand have 
been formed after the steel solidified on the surface 
indicates that the significance of slag formation has 
been exaggerated, at least in respect of its mechanical 
effects. The general opinion has been that slag forma- 
tion might be capable of preventing penetration 
owing to the pores in the sand being closed.* 15. 17 

Support for this was thought to be provided by the 
fact that slag formation is usually strongest in non- 
adhering sand layers. Instead, this may be explained 
by the air supply to the casting’s surface being con- 
siderably reduced when penetration takes place. 
Owing to this it is almost only the protruding tips of 
the penetrated steel that are accessible to the oxidiz- 
ing action of the air. When no penetration occurs, 
on the other hand, the air has access to the whole of 
the surface, especially if the sand is separated from 
the steel during cooling, because of shrinkage ten- 
sion. In projecting parts of the mold and in internal 
cores, where the penetration most often takes place, 
the air supply is often hindered by the shape of the 
parts and the pressure arising with the shrinkage of 
the steel, which presses the sand tightly against the 
steel and at the same time facilitates sintering. 

Notwithstanding the above, it should be remem- 
bered that penetration can occur after the surface 
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has partially solidified and that a shell of steel formed 
momentarily may melt up later. In such cases enough 
slag formation may take place to act to some extent 
as mechanical hindrance to the penetration. No such 
action occurred in immersion tests. The slag so 
formed can only be a very small part of the final 
amount. 

Nevertheless there still remains the possibility that 
the formation of a slag skin, even if it®is thin, may 
strongly influence the course of penetration in other 
than purely mechanical ways. It is chiefly the surface 
tension and wetting tendency of the metal that may 
be expected to be influenced. 


Discussion of Results 

A. Comparison between immersion tests and condi- 
tions when casting—In the immersion tests the pene- 
tration was found to follow fairly simple laws and the 
results obtained could easily be reproduced with sat- 
isfactory accuracy. There are, however, certain ex- 
ceptions, e.g., the experiments with electrically sin- 
tered magnesia, high content of dextrin, etc. In these 
cases it was possible to obtain unexpectedly deep pene- 
tration, but the results were capricious. The reason 
may have been splitting of sand due to gas evolution. 

In casting tests it appeared that the mechanism of 
penetration normally prevailing in immersion tests 
is not the only one present in casting. This could 
also be ascertained in observations at foundries, especi- 
ally in the casting of cast iron. Certain differences 
could, however, be recognized as a result of the erod- 
ing action of flowing metal, though in other cases 
this explanation is not sufficient. In the casting tests, 
unexpected results were obtained, chiefly with the 
sand mixtures containing reducing agents, especially 
aluminum, when instead of the favorable action ob- 
tained in immersion tests the opposite was most often 
the case. Even without the admixture of reducing 
substances a certain penetration would sometimes 
occur, which according to the immersion tests was not 
to be expected. 

The immersion tests differ in many respects from 
conditions prevailing with casting. The author was 
not able to decide with certainty which difference is 
the most important but the more oxidizing condi- 
tions and the large mechanical stresses on the sand 
with casting and the absence of any appreciable ero- 
sion with immersion tests would seem to play a large 
part. 

B. Factors which favor penetration—Of the factors 
having impelling effect on the steel in penetration the 
most important as shown by the tests is the force of 
pressure of the metal on the sand. At least after 
penetration has started, gas generation on contact 
between the sand and the steel and other processes 
which have a splitting effect on the sand may facili- 
tate penetration. The penetration is favored besides 
by high temperature both in the molten metal and 
in the sand. 

The pressure on the sand of the steel arises not 
only on account of the weight of the melt but also 
through the kinetic energy of the pouring metal. The 
kinetic energy of the metal flow is an important cause 
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of adhering sand, mainly owing to erosion. 

The pressure of the steel on the sand may also 
rise during solidification because of gas evolution in 
the melt. It is known that bubbles rarely occur 
solely because of high hydrogen content. If, how- 
ever, a little bubble has been formed owing to steam 
formation around a detached sand grain or owing 
to CO evolution, then hydrogen gas can afterwards 
expand rapidly in it and cause an excess of pressure. 
It does not seem probable that gas pressure arising 
in this way can be any usual cause of adhering sand. 
Nevertheless it was found in the casting tests that the 
possibility exists. A condition is; however, that suf- 
ficient excess pressure can be produced before the 
steel has managed to form a dense shell along the 
whole surface of contact with the mold. 

Shrinkage cavities, therefore, should not be danger- 
ous, despite the fact that hydrogen gas may give rise 
to excess pressure in them. In steel foundries, hydro- 
gen may be delivered to the steel from metallurgical 
processes, ladle linings and from moisture in the 
sand. If moisture enters the steel is also oxidized. If 
this occurs after the steel has been deoxidized one 
can suppose in extreme cases that CO bubbles occur 
on solidification, especially in the vicinity of the mold 
walls, where the steel is in contact with steam and air. 

Splitting of the sand owing to intense gas evolution 
may be supposed to favor penetration of the steel. 
It would be particularly bad if the gas evolution takes 
place inside the grains so that these are burst. The 
unexpectedly large penetration obtained in immersion 
tests with sands of magnesia appears to be a result of 
this. On the other hand, gas evolution taking place 
on the surface of the grains need not be detrimental. 
A homogeneous gas pressure in the sand should rather 
be preventive of penetration. If, however, penetra- 
tion has started, at least so far that the molten steel 
bulges in between some sand grains, then an intensive 
gas evolution, localized to the contact between the 
penetrating steel and the silica grain may through its 
splitting action facilitate the steel’s further progress. 
It appears necessary, however, that the gas-forming 
materials do not have time to burn away from the 
sand before the steel makes contact with it. Such 
effects from gas evolution should be facilitated by 
loose ramming or sand grains being detached by ero- 
sion, which in turn may be facilitated by intensive 
gas generation. 

The extremely deep penetration that sometimes 
occurred on admixture of reducing substances in the 
mold walls when casting, might be interpreted as due 
to violent gas generation. Probably, however, the gas 
evolution is only a contributory cause, as also admix- 
ture of reducing agents producing little or no gas 
could have a bad effect, and as the penetration in im- 
mersion tests with equivalent sands was instead mostly 
counteracted. 

C. Factors which counteract penetration — The 
capillary forces, mechanical obstacles in the sand and 
the solidification of the steel would appear to be the 
factors which act against the penetration of the steel. 
Gas pressure in the sand next to the surface of the 
molten metal should also be able to act as a hin- 
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drance, though this was not observed to be the case 
in the immersed sand cores.* 

Interstices in the sand are small and the steel’s 
surface tension is large, so that the capillary forces 
must assume decisive importance for the process of 
penetration. Metals do not wet oxide material, so 
that the capillary forces will be negative and counter- 
act penetration. Provided the metal in contact with 
the sand is molten the relation between the pressure 
in the melt at the contact surface and the capillary 
force decide whether penetration shall occur or not. 
This is the simplest explanation of the fact that a 
certain minimum depth was found necessary for 
penetration and that this minimum depth is the 
greater the smaller the grain size of the sand is. 

The magnitude of the capillary forces is determined 
by the size and shape of the sand pores and of the 
surface tension and wetting tendency of the steel. 
The sand pores are determined in the first place by 
the size, shape, distribution and packing of the grains, 
but on contact with the melt thermic and mechanical 
forces may influence the internal relationship of the 
grains, so that the size and shape of the pores are 
















































































Fig. 24—Penetration of a molten metal in a capillary. 


* The preventive effect of reducing substances was independ- 
ent of their gas contents. Different amounts of water in the 
sand had little influence on the results. 
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altered. To begin with, however, it will be assumed 
that the positions of the grains in the sand are fixed. 
li we consider an imagined cylindrical pore, Fig. 24, 
with radius r in the sand at a depth h beneath the 
surface of a homogeneous melt with a density 9 and 
surface of a homogeneous melt with a density § and 
assume the gas pressure over free metal surface and 
in the pore = p- and p, respectively, the steel’s surface 
tension — y and the angle of incidence between the 
molten metal and the sand = @ and designate ac- 
celeration due to gravity by g, then the total im- 
pelling force on the melt in the pore will be: 

K = (h-S-g+ p,— pr)* at? + 27-Cos 0+ a1; 
or per unit of area in the cross section: 
. 2 7+ cos 6 
Laie $-g- 49+ -———- 
where 4 p therefore represents the excess of gas 
pressure in the sand. 

As the melt does not wet the contact angle is be- 
tween 90 and 180 deg, i.e., cos @ is negative. 

The smallest capillary into which the melt can 
penetrate is therefore determined by: 


2 7+ cos 6 
"=~ h-S-g—Op 
Thus a low surface tension, a small angle of in- 
cidence between melt and sand (cos @ nearly = 0) 
and a high pressure mean that the melt can penetrate 
into fine pores. 

In the immersion tests the sand was often sub- 
merged 30 cm (approx. 1 ft) below the surface of 
the melt. If this value is inserted in the above 
equations and if it be assumed that y = 1200 dynes 
cm, cos @ = —0.9 and 4 p = 0 then we get a value 
for r = 0.010 cm, i.e., a pore must be at least 0.20 
mm in diameter for penetration to take place. It is 
of interest that this capillary diameter is of the same 
order of magnitude as the smallest penetrating steel 
tips. How the capillary pressure varies with the capil- 
lary radius in the above constant conditions is shown 
graphically by Fig. 25. As an example a line for 
constant external pressure has been inserted (the 
difference between the pressure of the melt and the 
gas pressure prevailing in the sand). The dotted 
area, therefore, marks the resulting pressure k, which 
has an impelling effect on the melt in the capillary. 


The graph provides a simple explanation why a 
minimum depth shown is required for penetration. 
It also shows how the impelling force increases with 
increasing grain size. The grain size in a sand, how- 
ever, varies and this applies also to the interstices 
present in the sand. With low metal pressure or fine 
grain the capillary resistance is exceeded in only a 
few pores and sparse penetration should be the result. 
The dispersion of pore size in a given sand has been 
marked with dotted lines in Fig. 25 as an example. 

Even though the capillary forces decide if the 
molten metal can penetrate into a given interstice, a 
couple of important reservations must nevertheless be 
made against the method of consideration hitherto 
employed. It is not certain that the capillary forces 
are constant. While the melt is in contact with the 
sand there can occur chemical changes both in the 
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melt and in the sand which influence the surface 
tension of the metal and the wetting between the 
melt and the sand. It is thus possible that the metal 
may gradually penetrate into an interstice which was 
originally too small. Moreover, regular pores do not 
occur as was previously assumed but the interstices 
form a network of pores which thicken and thin 
alternately. Obviously the penetrating metal finds 
its way forward where the openings are largest, but 
it must often happen that the way is blocked in all 
directions for the advancing metal vein. As stated 
earlier, the steel has a certain ability to break through 
such obstacles and enlarge the pores. 

An important question is what limits the rate of 
penetration. If it were ordinary resistance to flow 
the rate would quickly decrease with depth of pene- 
tration. In the constant conditions prevailing with 
immersion tests, however, the rate was found to be 
fairly independent of depth of penetration. The 
simplest explanation of this is that practically the 
whole resistance to penetration throughout the time 
is concentrated to the tips of the penetrating veins. 
This means among other things that the viscosity of 
the molten metal behind the tips does not influence 
the rate of penetration, a condition that is quite 
natural as the viscosity of molten metals is extremely 
low. (An example of this is provided by the fact 
that a wash if it is not entirely tight does not decrease 
penetration, even if the break through takes place 
only at a few spots.) 
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Fig. 25—Variation of capillary force with capillary 

radius assuming that the surface tension of the molten 

steel is 1200 dynes per cm and that cosine for the 

contact angle is —0.9. For comparison a line for a 

constant counter pressure of 30 cm steel column has 

been inserted. The pore sizes range and average size 
of one sand are also indicated. 





It seems most obvious therefore to assume that the 
resistance is due to beginning of solidification and 
that the rate of penetration would be limited by the 
sand in the penetration front just having such a 
temperature that the leading tips of the steel do 
not solidify (or rather alternately begin to solidify 
and re-melt as the pores contract and expand). The 
rate of penetration would then be determined by 
the speed at which the necessary temperature moves 
along in the sand. The similarity between the curves 
for the relation between immersion time and depth 
of penetration for the steel (Fig. 16) and the “pene- 
tration depth” for the sintering front for relatively 
easily penetrated sands (Fig. 17) also support this 
assumption, as also the strong dependence on tem- 
perature of the rate of penetration. 

Nevertheless there are several reasons which are 
against the suggestion that the rate of penetration is 
limited in that way. For example, the rate of pene- 
tration is dependent to a very great extent on the 
pressure of the melt. This objection might be met 
by saying that the heat transmission through the steel 
that penetrates is entirely dominant over the heat 
transmission through the sand. That the heat trans- 
mission through the steel is considerable is supported, 
among other things, by the curves in Fig. 22 a and b. 
It is not, however, certain that increase of pressure 
will increase the heat conduction. Assuming that 
the pressure suddenly increases then the steel should, 
while giving off heat, penetrate so far in that the re- 
sistance due to solidification will be equal to the 
increased pressure. The difference afterwards will be 
that the penetration can take place with a somewhat 
lower temperature in the sand. This should cause 
the rate to increase a little. 


Heat Transmission to Sand 


On the other hand the heat transmission to the 
sand in the penetration front will hardly be greater. 
Again, at low pressures, the steel’s rate of penetration 
will be so small (Fig. 18) that a temperature front 
in the sand corresponding to the liquidus temperature 
of the steel will move more quickly (Fig. 22). It is 
not possible therefore that a beginning of solidifi- 
cation could in this case set a limit for the rate of 
penetration and as a pressure increase leads to a pro- 
portionate increase of the rate it is probable that 
another factor, which acts more rapidly than begin- 
ning of solidification, was determining for the rate 
of penetration in the immersion tests. Other reasons 
also support this. For example, it would otherwise 
be difficult to explain why the rate of penetration 
increased with diminishing carbon content despite the 
rise of liquidus temperature then occurring and that 
the rate decreased on admixture of reducing sub- 
stances. 

If instead it be assumed that it is the capillary 
forces that limit the rate then the last-named facts 
will be understandable. One will then however have 
to be content with stating that the capillary resistance 
will be smaller with low carbon content than with 
high, as no measurements of this have been made. 
Such measurements are moreover difficult to make. 
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Determinations of the surface tension of cast iron an:| 
mild steel or pure iron in vacuum or neutral atmo,- 
phere have as a rule given lower values for cast iron 
than for steel and pure iron. 

In the immersion tests, however, the atmosphere 
was normally slightly oxidizing. This should reduce 
the surface tension and perhaps above all increase the 
wetting tendency by the formation of a slag skin. The 
decrease of capillary resistance then occurring will be 
greater with steel of low carbon content than with 
cast iron, as the latter because of its high carbon 
content forms its own protective atmosphere of carbon 
monoxide. 

The counteracting effect on penetration which ad- 
mixture of reducing substances in the sand had in 
immersion tests may also be explained by decreasing 
of oxidation by these substances. That the tendency 
to penetration was greater in casting than in im- 
mersion tests may be partly explained by the oxi- 
dation being stronger in casting. On the other hand 
it is difficult to explain why admixture of MnQy, or 
Fe,O; did not increase the rate of penetration. One 
reason may be that the increase of oxygen content 
with such admixture is too small to have an effect, 
another that a further increase in oxygen has no 
effect. 

It may also be thought the slag formation and 
sintering which the admixture caused acted in op- 
position to increase of oxidation. Another circum- 
stance that is difficult to explain as the cause of 
capillary forces alone is that the rate of penetration 
will be much greater if the sand is pre-heated. If the 
sand has been pre-heated so that the surface tem- 
perature is higher than the liquidus temperature of 
the stee] the penetration seems able to take place 
almost instantaneously to a certain depth. 

Even if the capillary forces have a great influence 
on the rate of penetration, therefore, it is nevertheless 
theoretically impossible that these alone could limit 
the rate as long as the surface tension, the wetting 
properties and pore size are constant. If the impelling 
force is sufficiently great for penetration to take place 
at all the capillary forces cannot arrest an increase 
of speed in a pore with constant section. 


Preheating of Sand 

The effect of pre-heating of the sand, the fact that 
penetration increases rapidly with increasing tem- 
perature in the melt and the above-stated similarity 
between the steel’s penetration and the progress of 
sintering show that the temperature is one of the most 
important factors regulating the rate, even if the 
limitation is not caused by commencing solidification 
which should, however, be the case with high metal 
pressure (great rate of penetration). The factor, or 
one of the factors that limit the rate of penetration 
must in any case be governed by temperature. 

All changes which contribute to widen the paths 
for the steel must facilitate penetration. On the 
other hand, the rate of penetration must be reduced 
if the resistance to change as regards position and 
shape of the grains is great. Such changes are most 
easily observed when the metal pressure has been 
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so low in relation to the grain size of the sand that 
pnetration of the original pores cannot take place. 
Ii: such cases, the presence of groups of sand sintered 
tovether between the metal veins (Fig. 12) may be 
taken as indicating that the sintering was primary 
and that the penetration could not take place until 
larger pores had been produced through sintering. 
Probably however, the penetration starts by the melt 
bulging into the larger pores and so owing to its 
pressure, pushes the sand grains aside. By cooperation 
between the pressure of the melt and softening of the 
gains and reduced coherence between these owing 
to high temperature it is then possible for the pene- 
tration to eccur. 

Though such changes of position and shape in the 
grains were not always so easy to observe when the 
metal pressure was high or the sand was coarse, yet 
there is an important reason which suggests that even 
then they play a big part. Even if the average cross- 
section of the pores is quite sufficient for the capillary 
forces to be overcome, yet the melt must on account 
of the irregular shape of the pores be repeatedly 
blocked during penetration by constrictions which 
are either too small or which can be broken through 
after a certain delay. In this way it is possible to 
explain the effect of the pressure of the melt and 
the temperature. In a uniformly rammed sand, 
these checks should occur at intervals that are fairly 
regular, and it would be natural for the rate of pene- 
tration to be constant for constant pressure and 
temperature. 


Resistance to Penetration 


From the rectilinear relation between the pressure 
of the melt and the rate of penetration it appears 
that the resistance to penetration is proportional to 
the rate. This circumstance seems to be connected 
with the number of checks being proportional to the 
rate, 

Increasing wetting tendency in the melt with the 
time of contact will in principle have the same effect 
as enlargement of the constrictions, as in this case 
also the steel can gradually penetrate through an 
opening which to begin with is too small. Such in- 
crease in wetting tendency may arise from several 
causes. The fact that the steel fills surprisingly well 
even small irregularities in the pores in which it 
penetrates suggests that a decrease of capillary resis- 
tance really does take place. The fact that changes 
of position and shape in the grains generally occur, 
as also the great effect of temperature make it prob- 
able, however, that enlargement of the pores is the 
more important of the two. 

It is conceivable that some important factor has 
been neglected, but the factors that have been dis- 
cussed are sufficient to enable a theory to be outlined 
for the mechanism of penetration. 


D. Mechanism of steel penetration in the sand— 
1. General observations: In order that the penetration 
can take place it is necessary that the steel in contact 
with the sand is at least partially molten. Owing 
to the capillary forces there is required further a 


53 


certain size in the openings through which the steel 
is to penetrate. These openings must be compara- 
tively large with low metal pressure, high surface 
tension and no wetting tendency between the melt 
and the sand (cosine for angle of incidence almost = 
— 1). If there are not enough openings at the be- 
ginning these can, however, be formed under the 
action of the steels’ pressure, of the temperature, of 
splitting forces such as intensive gas evolution formed 
locally or through the eroding effects of the melt. 
Moreover, openings which were too small at the be- 
ginning will nevertheless be sufficient after a certain 
time if the surface tension of the melt or the contact 
angle between melt and sand decrease with the con- 
tact time. Once the opening is so large that sufficient 
bulging in of the melt can happen the penetration 
can proceed through joint action of the melt’s pressure 
and one or more of the above factors. 


Rate of Penetration 


The rate of penetration is determined in the first 
place by the pressure the melt exercises on the sand 
and by the mechanical resistance meeting the leading 
metal tips in the penetration front. With great rate 
of penetration the rate may be limited by solidification 
beginning to set in at the tips, which also happens 
if the delivery of heat decreases or is interrupted. As 
long as penetration is proceeding it would seem that 
normally even the leading metal tips are quite molten. 
The mechanical resistance is then determined by the 
number of openings per unit of length in the direc- 
tion of penetration which the melt can only penetrate 
after a certain pause and of how long these pauses 
are. The number of openings that check the melt 
is dependent on the metal pressure, the sand grain 
size and shape and on the capillary forces, while the 
time taken on the average to force a way through 
these barriers is dependent on the sand’s temperature 
in the penetration front, the steel pressure, the pres- 
ence of splitting forces etc., on the resistance that 
meets the intervention of these factors and on possible 
decrease of the capillary forces with the time of con- 
tact. 

2. The course of penetration in castings—(a) Normal 
course: When the steel is rising in the mold it will 
probably first solidify over the whole surface of the 
mold. If the steel temperature is sufficiently high, 
its mass large enough in relation to adjoining parts 
of the mold or if the amount 6f molten metal that 
runs over a given part is large enough, then parts 
more or less largely of the steel shell first formed 
may re-melt. If the pressure of the melt on the sand 
has in the meantime risen sufficiently then penetration 
can start. If the time elapsing before penetration can 
start is long so that the sand is able to get much pre- 
heated the first penetration could take place quickly. 
This requires, among other things, that the casting 
is very large, so that the time of pouring will be long. 
Further it is required that the steel shell first formed 
re-melts very fast, as it is only after this re-melting 
that the sand can be heated to a temperature in the 
neighborhood of or higher than the liquidus tempera- 
ture. The depth of penetration in a given part of 
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the mold will then be determined by the structure 
of the sand, by the magnitude of the metal pressure 
and by the time it takes for the penetrating steel tips 
to begin solidification. 

(b). Other types of penetration. As stated earlier 
in casting penetration occurs which does not follow 
the “normal” course as outlined above. Such pene- 
tration occurs particularly when organic or other re- 
ducing substances are mixed in the sand. A charac- 
teristic feature of such penetration is that it may 
happen with very low metal pressure and with small 
metal mass (small castings) and still may be very 
deep, i.e., the penetration rate may be very high. 


Mechanism for Penetration 


The mechanism for such more incalculable pene- 
tration has not yet been possible to explain fully. 
The same laws must apply in this case as with the 
“normal” penetration, but some factor which before 
has been of subordinate significance may have become 
dominating. Different factors may dominate in dif- 
ferent cases. On the basis of observation and assump- 
tions the following types of “incalculable penetration” 
may be distinguished: 

(x) Penetration may be caused by a high gas pres- 
sure arising in the metal during solidification. 

(8) In conjunction with erosion, penetration may 
take place in such a way that the sand grains are set 
in motion, so that sufficient interstices arise at certain 
spots to enable the melt to penetrate as soon as suf- 
ficiently large openings are formed. Movement of the 
sand grains could be facilitated by gas generation. 

(vy) Sometimes splitting of large or small groups 
of grains may occur, enabling the melt to penetrate. 
This represents a transitory form between scabbing 
and ordinary penetration. 

(f) Fin-formation or veining arises when the melt 
fills up cracks in the sand. After a start of a crack 
has appeared the melt seems able to exercise a wedge 
action. Veining occurs mostly when the sand is loosely 
rammed. It would be favored by the sand being easy 
to compress and possessing low tensile strength. 

The fact that the admixture of organic or other 
reducing substances can increase the tendency to pene- 
tration may have several causes: 

Admixture of such substances can, at least with 
high contents, deteriorate the power of the sand to 
resist erosion and penetration, both by decreased co- 
herence and owing to splitting effects from gas evolu- 
tion. 

The hydrogen-containing gases generated by the 
organic substances (and by moisture) in the sand may 
be expected to involve a gas pressure in the steel on 
solidification. 

Owing to partial combustion the temperature may 
rise in the sand while at the same time the content 
of admixed substances decreases. This combustion 
would not be expected to be great on the admixture 
of organic substances, as the abundant generation of 
reducing gases should reduce the oxygen supply to a 
great extent. On the other hand, oxidation of, e.g., 
aluminum may be supposed to be considerable. On 
gasification of the organic substances packing of the 
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sand may be looser. Also the addition of cereals wii! 
diminish the flowability of the sand, which will con- 
tribute to make the packing loose. 
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DISCUSSION 


Chairman; J, A. RASsENFOss,* American Steel Foundries, 
Fast Chicago, Ind. 

Co-Chairman: H. W. Dterert, Harry W. Dietert Co., Detroit. 

S. L. GERTSMAN and A. E. Murton:? The author made an 
excellent contribution to our fundamental knowledge of metal 
penetration in steel sand cores. The method described appears 
to be a useful extension of the Caine hot dip test. 

We feel that there should be some clarification of the term 
“capillary action” or “capiilarity.” The author has pointed 
cut that with steel in contact with sang, capillary action acts 
in a negative manner. This introduces a terminology which is 
really based on 
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|. The non-wetting characteristic of steel on sand; 
The surface tension of steel; 
The effect of pore size of the sand. 

Since the surface tension of a particular steel, such as mild 
steel, does not appear to vary to any great extent, capillarity is 
then predominantly a function of effective pore size. 

Hoar and Atterton have come to the same conclusion by 
using the same basic equation as the present author. The former 
similarly conclude that the penetrating pressure required to 
obtain metal penetration is related to the effective pore radius 
or the size of the largest pores. 

Our empirical work, using the tentative standard A.F.S. test 
casting, has led us to the same conclusion. We have had to in- 
crease the height of the casting whenever we decreased the grain 
size of the sand in order to obtain metal penetration. 

J]. B. Catne:* There seems to be a misunderstanding, prob- 


ably due to translation of the paper. Mr. Pettersson disagrees 
with my findings regarding the influence of silicates. His basis 
is the chemical analysis of sand in contact with molten steel 
after the steel has solidified. The question is, did the oxidation 
and formation of silicates occur before, or after initial skin 


formation. Scattered, but not conclusive evidence indicates that 
this oxidation of the sand occurs after initial solidification, and 
if true, would then have no bearing on penetration. 

Mr. PetrerssON (Author’s Closure): Though the different phys- 
ical properties behind the term “capillary action” have been 
treated in some detail in my paper, an introduction like Messrs. 
Gertsman and Murton present might have been valuable. It 
should be pointed out, however, that the contact angle between 
molten steel and sand, and also the surface tension of the steel 
are affected by the atmosphere and eventual chemical reactions 
tt the steel-sand interface. 

I am not sure what misunderstandings Mr. Caine has in 
view. My attempts to study the effect of the chemical reactions 
have led me to the conclusion that the oxidation of the steel and 
the following formation of silicates generally take place almost 
exclusively after the steel has solidified and so cannot have a 
great effect on the pore size of the sand in contact with molten 
steel. As stated above, however, though the quantity of the 
products of chemical reaction generally will be small as long as 
the steel is molten at the surface, they may have an appreciable 
effect on the surface forces acting between the sand and the 
liquid steel. 





MECHANICAL EQUIPMENT FOR 
MEDIUM - SIZE GRAY IRON FOUNDRY 
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ABSTRACT 


Mechanical equipment for production and material handling 
representing practice of progressive medium size jobbing gray 
ivon foundries is discussed in three sections dealing with core 
room, molding and melting. Most of the described units are 
illustrated. The importance of proper layout of the selected 
units is emphasized and the typical sand, mold and core handling 
arrangements are shown on sketches. 


THE PRESENT SHORTAGE OF CASTINGS makes im- 
perative the utilization of mechanical equipment to 
increase the output of existing foundries. The dimin- 
ishing supply of skilled labor requires that machines 
be used to the greatest possible degree. 

Every foundry may be characterized by the figure 
which indicates its production of salable casting per 
man-hour. 

The productivity will increase when the perform- 
ance of skilled operators will not be delayed by un- 
productive functions. Improved methods should be 
offered to ease manual effort and provide for better 
working conditions. The heavy operations should be 
handled by horsepower instead of manpower. 

The secret of success in each foundry section lies in 
the reduction of variables to a minimum. This can 
be accomplished by controlled sand mixture prepara- 
tion for cores and molds, reliable core baking ovens, 
controlled melting methods, and adequate hot metal 
handling system. 

The gray iron jobbing foundries melting 20 to 30 
tons of iron per day represent a large segment of the 
foundry industry in need of modernization of their 
production methods. Except in cases involving spe- 
cialized work, most of these foundries employing hand 
methods of operation have found it difficult, if not 
impossible, to compete against mechanized shops. 

If the foundry cannot afford to install a mechanized 
system at once, it should proceed gradually. The sav- 
ings obtained in the first period of modernization 
should be used to finance the next step of the pre- 
determined program. A long-range view of the final 
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stage of the mechanized system should be kept in mind 
so that the step-by-step modernization assures that the 
preceding step fits the following one, no matter how 
much time elapses between the installation of each. 

A careful study of existing methods of a particular 
foundry and a complete analysis of the requirements 
connected with the anticipated production program 
should result in a proper layout of the selected equip- 
ment. 

The purpose of this paper is to indicate the essen- 
tial types of equipment used in the core room, the 
molding and melting departments, and to show some 
typical arrangements and layouts. This survey may 
bring nothing new to the foundrymen already enjoy- 
ing the benefits of mechanization, but it may serve as 
a guide for those who are now ready for modernization 
of their shops. Because of restriction in the scope of 
this paper, the vast field of molding machines, core 
making and casting cleaning equipment was omitted. 
After establishment of a general layout and production 
capacity, these machines can be selected from catalogs 
according to the type of castings to be produced. The 
outstanding features of each make has to be compared 
in the light of performance, initial cost and main- 
tenance requirement. 


Core Room 


Economy of coreroom operation depends upon loca- 
tion in relation to other departments, selection of 
proper equipment and arrangements of units accord- 
ing to the flow of materials or sequence of operations. 
Mechanical equipment, supplemented when necessary 
by unskilled labor, will relieve the skilled coremakers 
of time-consuming and unproductive activities. Me- 
chanical handling of finished cores will save time and 
labor, and ease of movement will eliminate distortion 
and breakage of cores. 

It is desirable that the grain size of core sand mix- 
ture be comparable to that of the system sand mixture 
so that cores broken up in shake-out operation will not 
appreciably affect the permeability of prepared mold- 
ing sand mixture. This sand mixture should also be 
free from moisture, and if delivered wet should be 
dried in an oven. . 

There are three principal designs of dryers: one 
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with a parallel gas and sand flow, another with a 
counter flow of gas and sand, and a through flow type 
oi dryer. The initial cost of the first and second type 
is lower but they are somewhat less efficient because of 
considerable heat loss (for this reason they will not be 
discussed). The principle of the third type is shown 
in Fig. 1. This type of dryer possesses the advantages 























Fig. 1—Sketch illustrating sand dryer. 


of both counter-current and parallel-current flow dry- 
ing methods, but without the disadvantages of either. 
It provides not only high efficiency and rapid drying, 
but a uniform treatment without danger of over- 
heating. Its design allows the hot gases to pass through 
the channels covered by overlapping plates, then 
through the sand into the inside of the drum and out 
of the exhaust duct. The dryer utilizes practically 
the total heat from the hot gases which comes into 
intimate contact with all particles of sand. In this 
type of dryer the moisture can be reduced to 114 per 
cent. It is recommended to cool the sand before 
storage. 

Mixers for core sand fall into two groups: (1) blade 
(paddle or sigma-type); and (2) muller-type mixers. 
The first type consists either of a trough with revolving 
shaft and mounted paddles or two sigma-shaped shafts. 
These mixers are used for small batches and are 
charged by hand; they are effective for oil binders. 
Muller-type mixers are built for larger capacities. 
They provide better distribution of ingredients, espe- 
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Fig. 2—Drawer-type oven for baking small cores. 


cially colloidal type binders, and develop better green 
strength of prepared sand. These mixers consist of a 
circular crib with two revolving mullers, and usually 
are equipped with bucket loaders for charging. 

The variety of sand mixtures requires individual 
study for proper handling. The distribution of pre- 
pared sand should be frequent and in small quantities. 
because many sand mixtures are unstable, storage of 
them should be limited to amounts to be used in a 
short period of time. 

Manual handling of prepared sand can be replaced 
by the installation of the mixer on a platform. In this 
arrangement the dry sand is shoveled from the storage 
into a bucket of the loader, where the bonding addi- 
tions are made. The prepared sand is distributed on 
the platform by dumping the contents from a rubber- 
wheeled buggy into the coremaker’s hoppers sus- 
pended from the platform. It can be also discharged 
into a holding hopper for use by floor coremakers or 
for distribution to small core blowers. 

Another method of core sand distribution is by 
monorail carrier, which stops in front of the mixer, 
lowering a bottom-drop bucket under the discharge 
chute. When filled the bucket is hoisted to the trans- 
porting position and stopped at the coremaker’s sta- 
tions to refill the hoppers. 

Rapid core production with core blowing machines 
is well known. When considering this type of equip- 
ment, the additional expense for metal core boxes and 
usually special core dryers must be kept in mind. The 
sand mixtures used should have a low moisture con- 
tent to prevent sticking. The air supply must be at a 
constant, usually 80 psi for simple cores and 100 to 
120 psi for intricate cores. Modern core blowers are 
very fast. One movement of the air valve handle 
controls the air, automatically performing the opera- 
tion of clamping, filling the core box and releasing it 
after the core is made. The selection of proper type 
and size will depend upon the shape of cores and their 
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Fig. 3—Coreroom layout: (1) sand storage; 
(2) mixer and bucket loader; (3) coreblowers; 
(4) core benches; (5) drawer-type ovens; (6) 
core inspection; (7) core box storage; (8) 
finished core storage. 
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amount. The core machines of rollover type are espe- 
cially suitable where a deep draw of the core box re- 
quires considerable skill of the operator. 

After the selection of proper sand mixing and core 
making equipment, suitable core baking ovens have 
to be considered. The most important features of the 
modern core ovens is the uniformity of the tempera- 
ture inside of the oven, its automatic control and low 
fuel consumption. 

The time and temperature of baking process de- 
pend upon the grain size of core sand, moisture con- 
tent, type of binder used, humidity of the atmosphere 
and size of cores. The cores made from coarse sand 
will reach maximum strength in a shorter baking time 
than those made from finer sand. The moisture, 
usually up to 6 per cent has to be evaporated and 
exhausted from the oven. The baking time is in 
straight proportion to the amount of moisture. Some 
of the binders will produce best results when heated 
longer, perhaps 3 to 4 hr at a moderate temperature 
of 300 to 350 F; others will require short baking time 
of 1 to 2 hr at a temperature 450 to 500 F. The core 
oils, which undergo chemical reactions of oxidation 
and polymerization, in order to form a hard film and 
hold the grains together, require a supply of fresh air 
to be introduced into the oven. The baking time is 
in direct relation to the size of cores. At the average 
baking temperature of 400 F, the heat penetration may 
be figured at approximately | in. per hr. 

All these factors must be considered in selecting the 
proper type of oven and determining baking tempera- 
ture and time. Exact analysis of the production will 
enable any foundry to obtain cores with required 
strength, made from a sand with a minimum of binder, 
and baked in the oven at a proper temperature in 
the shortest time. 

For the description of modern core ovens we have 
selected representatives of three main groups: drawer- 
type, rack-type, and vertical conveyor-type ovens. 
These ovens are built with recirculating systems for 
uniform temperature distribution and baking with 
low temperature differential. The fuels used are gen- 
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Fig. 4—Coreroom layout (1) mixer and bucket loader; 
(2) core benches; (3) rack-type ovens; (4) core finish- 
ing; (5) core storage. 


erally oil, gas or electricity and occasionally coal, any 
of which can be accurately controlled by means of 
modern automatic temperature control. Coke is not 
an “automatic” fuel and is therefore not used in moi- 
ern recirculating ovens. 

The heat is developed in a combustion chamber lo- 
cated outside of the oven and the gases produced in 
this chapter are mixed with recirculated air from the 
oven with the addition of such fresh air as is neces- 
sary. The resulting mixture is then delivered by means 
of the recirculating air fan into the oven where it is 
distributed through ducts to provide uniform tempera- 
ture throughout the oven. 

Drawer-type ovens are used for baking small cores. 
Within the oven the drawers are supported by rollers 
which assure a smooth movement without danger of 
breaking small, intricate cores. The separate baking 
areas permit selective baking time and handling of 
rush jobs. With this type of oven the coremaker’s 
benches or core blowers should be grouped close to the 
oven. The core plates with green cores are deposited 
by the coremakers on set-off tables. The oven tender 
transfers the cores to the ovens and, after baking, de- 
posits the cores on the table located in front of the 
ovens. There they are inspected and delivered to the 
molding stations. See Figs. 2 and 3. 

Rack-type ovens were developed to reduce the cost 
of transportation of larger cores by the use of portable 
racks of the average size 4x6 ft (usually with 5 shelves) 
and a capacity of 1 to 2 tons. The racks are loaded by 
coremakers at their working stations, and moved by 
hand- or power-operated trucks into the oven. See 
Fig. 4 and 5. 


Fig. 5—Racks are loaded by coremakers at working 
stations and moved by truck into rack-type oven. 
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Vig. 6—Vertical conveyor-type oven commonly used for 
baking cores of approximately the same size. 


Vertical conveyor type ovens are commonly used in 
foundries where the manufacturing program is estab- 
lished and the cores are of approximately the same 
size. See Fig. 6. It is not unusual, however, for vertical 
conveyor ovens to be used in jobbing shops where a 
variety of core shapes and sizes must be baked. In such 
cases the occasional large or chunky cores may be per- 
mitted to remain on the conveyor for two or more 
trips through the vertical oven, while the smaller cores 
are removed after one trip. Often the coreroom oper- 
ating vertical ovens has other types of ovens for hand- 
ling odd sizes of cores. 

Among the major advantages of the vertical core 
oven are its continuous operation and the minimum 
floor space required. The bench coremakers and the 
core blower operators usually are grouped around the 
upgoing section of the conveyor. A passageway through 





fig. 7—Coreroom layout: (1) sand 
storage; (2) sand preparing unit; (3) 
core blowers; (4) drawer-type ovens; 
(5) tables; (6) core benches; (7) core 
racks; (8) space for special cores; (9) 
core storage; (10) finishing and in- 
spection; (11) cooling; (12) rack-type 
ovens; (13) empty racks; (14) core 
box storage; (15) prepared sand de- 
livery to blowers and_ benches. 
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the middle of the oven provides for convenient access 
to both sides of the ascending shelves, eliminating con- 
gestion at the loading station. 

The complete cycle is divided into the baking period 
and the cooling period. Usually 25 per cent of the con- 
veyor carriers are in the cooling zone. The combustion 
chamber, heated by oil or gas burners, is located in 
the central part of the oven. The hot gases, tempered 
by recirculated air are forced into the heat distributing 
chamber and across the ascending carriers. In the 
cooling period a forced-air system provides for the 
cooling of the cores and the complete removal of 
smoke before the cores reach the unloading station. 

The conveyor movement can be continuous or inter- 
mittent in operation. Continuous conveyor travel is 
almost universally used, but for heavy classes of cores, 
which require definite periods of time for loading and 
unloading, conveyor travel may be intermittent. Upon 
reaching the unloading station, the cores are removed 
from the oven and placed on gravity roller conveyors 
as shown in Fig. 6. 

In determining the type and capacity of core oven 
to be used, the following factors must be considered: 
number and size of core plates per day or per hour; 
maximum height, weight and composition of the 
cores; and the approximate consumption of core sand 
per day. 

Usually at least two types of core ovens are required 
to cover the entire production of a medium-size gray 
iron foundry. The accompanying layout (Fig. 7) 
shows the arrangement with drawer-type and rack- 
type ovens. The sand prepared in a mixer equipped 
with bucket loader is delivered to the coremakers’ 
stations by a monorail system or by carts pushed on 
the floor. Coremakers producing small cores are 
grouped around the drawer-type ovens. Medium-size 
cores are made on benches and loaded on racks to be 
delivered to rack-type ovens. Space is reserved for 
core finishing, inspection and storage, as well as for 
storage of sand and core boxes. 


Molding Section 


Handling of used and prepared sand and molds be- 
fore and after pouring are the most important func- 
tions contributing to efficient operation of the foundry. 
The right selection of proper mechanical units and 
layout will reduce the total volume of sand needed 
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and the quantity of molding equipment. Proper lay- 
out will also allow for increase of production with no 
increase in building space. It will reduce the number 
of scrap castings and provide for better working condi- 


tions. 

The first step in a modernization program is to 
employ a molding sand preparation method which 
will insure uniformity of each batch of prepared sand 
mixture. The next stage should deal with the mechan- 
ical conveying system for shake-out sand, its cleaning 
and storage, and the last modernization change should 
consider the equipment used to distribute prepared 
sand mixture and handling molds. 

The chief advantage in mulling of sand lies in the 
close control of the required properties of the prepared 
sand mixture. Its high qualities are developed by the 
intimate contact of the sand grains and the plasticized 
bonding materials. Maximum benefits from the bond- 
ing agents will be obtained only by properly mulling 
and blending with the sand under pressure and con- 
trolled additions of water, checked by a metering de- 
vice. A centralized sand preparing arrangement will 
also make a direct material saving since the amount 
of bond used to maintain the strength of the sand can 
be measured and controlled. 

Many factors must be considered in the selection of 
the proper sand mixer. The most important character- 
istic of a good mixer is its ability to provide uniform 
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distribution of bonding materials and moisture 
throughout the batch. The production per hour anc 
cost per ton of prepared sand, figured on the basis o! 
operating costs including repairs, maintenance, anc 
clectric current consumption, should also be con 
sidered. 

Efficient operation of the mixer depends upon its 
auxiliary equipment for automatic charging ol 
screened sand cleaned of magnetic refuse. Figure & 
illustrates a complete sand preparation arrangement 
It consists of a vibrating, screen with magnetic bel 
conveyor running underneath, a bucket loader for 
charging the mixer, the muller-type mixer with dust 
hood connected with the dust collecting system, and 
an aerator for fluffing of discharged prepared sand. 
The mixer’s drive is located underneath, and the con- 
crete pedestals are constructed to suit the required 
discharge height. 

A more developed sand preparation system consists 
of a holding hopper which can be filled by a special 
iruck, or by a box suspended from an overhead crane 
(Fig. 9). The hopper feeds the sand through the regu- 
lating gate into a vibrating feeder. This feeder is a 
two-level unit; it has a perforated top for removal of 
oversize scrap and core butts and allows usable mold- 
ing sand to pass through the perforation into the 
lower deck of the vibrating trough. The screened sand 
is passed over a magnetic pulley for removal of me- 





Fig. 8—Complete molding sand prep- 
aration unit includes vibrating screen, 
magnetic belt conveyor, bucket loader, 
muller-type mixer, dust hood, aerator. 

































































Fig. 9—Molding sand handling system: (1) 
holding hopper; (2) vibrating screen feed- 


er; (3) magnetic pulley. 
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Fig. 10—Sand handling layout: (1) 

vibrating shake-out; (2) magnetic 

belt conveyor; (3) bucket loader; (4) 

mixer with dust hood; (5) aerator; 

(6) distributing buggy; (7) flask re- 
turn roller conveyor. 
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tallic impurities, and then discharged into the bucket 
of the loader. 

Both the above described arrangements, while com- 
pact in size and simple in design, fulfill the basic re- 
quirements for cleansing and conditioning of molding 
sand. 

One of the layouts shown comprises a complete sys- 
tem for handling sand and molds (Fig. 10 and 11). 
The arrangement does not require pits or special 
foundations, and can be installed in almost any build- 
ing. Conventional roller conveyors are used for the 
storage and pouring of molds. The cooled molds are 
pushed onto the transfer section of the roller conveyor, 
which is then picked up by a monorail hoist or lift 








Fig. 11—Elevation of sand handling 
layout: (1) vibrating shake-out; (2) 
magnetic belt conveyor; (3) bucket 
loader; (4) mixer with dust hood; (5) 














aerator. The photograph (Fig. 12) 
shows a lift truck about to move 

















poured molds to position for elevating 
to shake-out level. 




















truck and carried down to the end of the foundry 
(Fig. 12). An operator on the elevated platform moves 
the molds to the vibrating shake-out while the truck 
cperator goes back for another load. The sand passes 
through the shake-out bars onto the magnetic belt 
conveyor to be delivered to the bucket loader. The 
castings are delivered via a chute to a container on 
the floor, and the empty flasks are returned on. the 
roller conveyor line to the molding stations. 

Many times foundrymen have hesitated to install 
an overhead distributing system in their foundry be- 
cause they felt that their building was too low; they 
were afraid that such an arrangement would be too 
expensive. Figure 13 illustrates suggested solution in 
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lig. 13—Sand handling layout: (1) box for poured 

molds; (2) vibrating shake-out; (3) magnetic belt con- 

veyor; (4) bucket-loader; (5) mixer with dust hood; 

(6) distributing buggy; (7) molder’s hopper; (8) 
roller conveyor. 


such cases. Notice that a simple construction was 
added on one side of the foundry building to cover th« 
sand distribution system. The poured molds afte 
cooling, are dumped into a bucket suspended from 
the monorail and brought to a vibrating shakeout 
From there the castings are directed to the cleaning 
room and the sand is transported by means of the 
magnetic belt conveyor to the sand preparing unit 
Prepared sand is discharged from the mixer to a bugg\ 
which distributes it to the molders’ hoppers by dump 
ing its content through the grates in the floor of the 
platform; this installation can serve a group of 4 to 12 
molders or more. It presents one of the simplest, 
most adaptable and least expensive sand and mold 
handling systems for a medium-size gray iron foundry. 

A more developed sand preparing arrangement is 
illustrated in Fig. 14. This arrangement includes th« 
facility for storage of shake-out sand in a bin. The 
molds are shaken out on the vibrating shake-out. The 
sand, after passing through the magnetic belt con- 
veyor, is lifted by an elevator, discharged to a revolv- 
ing screen located on the top of the bin and then 
stored in the bin. A holding hopper with air-operated 
gate, and a sand capacity the same as the mixer, is 
attached to the lower part of the bin. It is filled with 
the sand from the bin gate. By a push-button opera- 
tion the sand from the hopper is discharged into the 
bucket of the loader and delivered to the mixer. Fig- 
ure 14 shows the upper part of this hopper, the bucket 
loader located on the side of the bin, and the mixer 





Fig. 14—Sand handling arrangement 
includes vibrating shake-out, eleva- 
tor, storage bin, measuring hopper, 
bucket loader, mixer, with dust hood, 
distributing platform and molder’s 


hopper. 
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Fig. 15—Sand and mold handling lay- 
out: (1) apron conveyor; (2) transfer 
car; (3) vibrating shake-out; (4) mag- 
netic belt conveyor; (5) elevator; (6) 
hexagonal revolving screen; (7) sand 





storage bin; (7A) measuring hopper; 

(8) bucket loader; (9) mixer with 

dust hood; (10) aerator; (11) dis- 

tributing belt conveyor; (12) flask 

return roller conveyor; (13) roller 

conveyors; (14) pallet lines, (15) 
pouring platform. 





on the distributing platform. A molders hopper sus- 
pended over a molding machine is visible on the right 
side of the picture. 

The layout as illustrated in Fig. 15 is applicable to 
a foundry having small and medium-sized work. The 
arrangement comprises a minimum of equipment and 
is recommended for a foundry starting to mechanize. 
The mold handling and shake-out system is shown in 
two variations. It can be applied to suit different pro- 
duction methods. 

The molds are made in tight flasks on two sets of 
cope and drag machines, and in snap flasks on four 
jolt squeezers. In the first section the drags made on 
rollover and jolt machines are pushed on short sections 
of roller conveyors for finishing and setting of cores. 
The copes made on jolt machines and brought over 
the drags for closing. Each completed mold is passed 
onto a transfer car and directed to the storage and 
pouring lines. The poured and cooled molds are trans- 
ferred by another car to the vibrating shake-out. Snap- 
flask molds, produced in the second section, are stored 
and poured on pallets which take the place of the 
conventional roller conveyors. These pallets can be 
returned on tracks under the pouring lines or can be 
siacked and returned on special return lines located 
between the pouring lines, as shown in Fig. 15. 

The advantage of the pallet arrangement consists in 
laving the molds located close together and in allow- 
ing the use of all of the entire floor space for mold 
storage. This layout offers almost unlimited flexibility 
in mold production for intermittent or continuous 
pouring. The capacity of the sand preparation ar- 
rangement, the type of machines, and the space for 
the mold storage can be adjusted to the required pro- 
duction output. 

Since we have limited this paper to a discussion of 
the sand and mold handling system for a medium-size 
gray iron foundry, we will not enter the field of the 
power mold conveyors and elaborate sand transporta- 


tion systems. The proper application for mold con- 
veyors take place generally in a foundry having estab- 
lished type of production and continuous pouring; 
very seldom in the case of a jobbing medium-size gray 
iron foundry. 


Melting Section 


The melting section of the gray iron foundry offers 
numerous opportunities for mechanization. Handling 
of raw materials in the yard, mechanical charging of 
the furnaces, application of auxiliary equipment for 
controlled melting, and use of modern pouring units 
will contribute to the economy and efficiency of found- 
ry operation. 

Handling of raw materials starts in the yard when 
cars of scrap, pig iron, coke and limestone are deliv- 
ered. The crane equipped with magnet and clam-shell 
bucket will perform the unloading at much less cost 
and time than the manual operation. The tonnage of 
materials handled will determine if the investment can 
be justified. 

Cupolas today are essentially the same as those built 
in the early days of the gray iron foundry. Elimination 
of hand charging is made possible by mechanical 
charging equipment. A properly designed charging 
system will pay for itself in a short time through re- 
duction in labor, saving in materials and elimination 
of the investment in a charging platform. 

The mechanical charger simplifies the material 
handling problem since coke, iron and limestone are 
put into the same bucket. It also improves melting 
practice by allowing the raising of the cupola charging 
door, making possible an increase in height of the 
charge above the melting zone. Such an arrangement 
permits preheating of larger amounts of iron, gives 
greater melting speed and hotter metal since the 
charge receives full benefit of the fuel. 

Cupola chargers are either skip hoist or crane type. 
The size of the unit and the selection of the right type 
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Fig. 19 — Crane - type 
charging arrangement: 
(1) cone-bottom bucket; 
(2) horse-shoe casting in 
cupola which holds the 
bucket in the discharge 
position. 










































































Fig. 16—Charging arrangement for cu- 
bola: (1l)skip charger; (2) weigh 
lorry; (3) holding U-ladle. 


(Left) (Below) 
Fig. 17—Weigh lorry with bottom- Fig. 18—Handling and charging equip- 
dump bucket is pushed along mono- ment for the foundry material yard 
rail loop for loading with weighed includes charging crane with magnet 
amounts of scrap, pig tron, coke, and and clamshell buckets, and hopper 
limestone. storage bin for coke and limestone. 
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depends upon many factors such as yard space, size 
and number of cupolas, kind of scrap available, etc. 

The skip hoist charger (Fig. 16) is of inexpensive 
design, simple in operation and particularly suited 
for the small or medium-size foundry. The bucket is 
raised and lowered by a cable attached to an electric 
hoist. It is mounted on wheels for travel on vertical 
track, curved at the top. The bucket is filled at floor 
level by means of a wheelbarrow or weigh lorry. 

The monorail type weigh lorry with bottom-dump 
bucket is pushed by the operator along the monorail 
loop, loading the required amount of scrap, pig iron, 
coke and limestone into a bucket on the lorry (Fig. 
17). After bringing the loaded lorry into a position 
above the skip hoist bucket, the operator releases the 
charge by hand lever. 

Some of the medium-size foundries may be able to 
have a yard crane for unloading of incoming material, 
using a magnet for handling of pig iron and scrap, and 
clam-shell bucket for coke and limestone. The typical 
layout of handling and charging equipment for such a 
foundry is shown on Fig. 18. The iron charge is made 
up on a platform having space for various types of 
scrap and pig iron. The required amount of coke and 
limestone is discharged into the bucket from respec- 
tive bins. 

The most popular form of bucket for a crane-type 
charger has a cone-shaped bottom which is attached to 
a center stem suspended from the hoisting mechanism 
(Fig. 19). The horse-shoe casting, which holds the 
bucket in the discharging position, is located in the 
cupola stack. It serves to support the shell of the 
bucket while the bottom is lowered and the material 
is discharged. 

The main advantage of this charging system is the 
distribution materials inside and around the periphery 
of the cupola with minimum impact. The horse-shoe 
casting permits the bottom of the bucket to be lowered 
slowly and in this way makes it possible a controlled 
unloading of the bucket’s content. 

In general, because of more accurate melting con- 
trol, a properly mechanized handling system will im- 
prove the quality of castings. It will provide also for 
greater safety and simplify the supervisor's job. 

The accurate cupola operation should be based on 
the supply of a constant weight of air. Variation in 
atmospheric temperature and barometric pressure may 
cause the weight of oxygen in the given volume of air 
to vary as much as 20 per cent. When the air supply 
is controlled a uniform melting rate can be obtained. 

Two types of measuring systems has been developed 
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Fig. 20—Electric coke ignitor. 
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and are giving satisfactory service. One system of air 
control consists of an electrical system which is con- 
nected to the current supply of a constant speed motor 
driving a centrifugal blower. The volume of air is 
varied automatically by means of a small motor-driven 
gate in the blast line. The system is based on the 
principle that a constant weight of air is delivered 
when the electrical input is constant. If the volume 
tends to increase or decrease, due to changes in the 
resistance through the cupola or due to the atmo- 
spheric changes, the power meter causes the gate to 
open or close, enough to keep the power constant and, 
thereby, the weight of air going into the cupola. This 
arrangement can be used in connection with fan type 
only. 

The other system of air control measures the flow of 
air by means of an orifice plate or Venturi tube in- 
stalled in the blast line. This type of control can be 
applied to either a positive displacement blower or 
fan-type blower. In the case of the positive blower, 
the excess air is bled to atmosphere and the controlled 
valve is placed above the outlet flange of the blower. 
In the case of fan-type blower the valve is located in 
the blast line. The compensating mechanism includes 
a bellows whose expansion or contraction under vary- 
ing conditions provides changes in the leverage of the 
controlling instrument. 

There is another improvement in cupola operation 
which is worth mentioning, namely, an electric coke 


Fig. 21—U-type tilting ladle, recetving metal from the 
cupola, has sufficient capacity to hold hot metal during 
intermittent pouring. 
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Fig. 22—Molds are poured from 
covered ladle equipped with rais- 
ing and lowering mechanism and 
suspended from a monorail system. 





ignitor as shown on Fig. 20. The firing of the coke 
bed by kindling of wood planks was always an un- 
pleasant operation, causing excessive smoke and usual- 
ly many unburned wood pieces and ashes mixed with 
coke. The electric ignitor replaces the tedious opera- 
tion and lights the coke thoroughly in a short time 
without use of wood. The barrel of the ignitor is in- 
setted through the breast of the cupola and placed 
approximately 5 in. above the sand bottom in a layer 
of coke breeze. The electric spark ignites a small 
amount of fine coke in front of the barrel. This fire 
is spread through the coke bed by means of compressed 
air; the electric torch being replaced by air tube. 

Metal melted in the cupola usually is received in a 
U-type tilting ladle (Fig. 21), or directly into larger 
ladles to be-transferred in the pouring ladles at the 
hot metal distribution point. The U-ladle is heavily 
lined with refractory, and has sufficient capacity to 
serve as reservoir of hot metal during intermittent 
pouring. : 

Molds are poured from covered ladles, equipped 
with raising and lowering mechanism, and suspended 
from a monorail (Fig. 22). This type of ladle makes 
it possible for one man to do the pouring. It provides 
also for easy handling of hot metal with greatest safety 


and minimum fatigue. 

The foregoing descriptions and illustrations give a 
general survey of basic units and layouts recommended 
for a progressive medium-sized gray iron foundry. It 
should be emphasized that each particular foundry 
needs a “tailor-made” arrangement of suitable units 
combined in an efficient and smoothly operating sys- 
tem. This final system has to be established for the 
entire foundry, and the modernization should start in 
all sections simultaneously. The final layout drawing 
should show in dotted lines the space reserved for 
equipment being considered for future stages of mech- 
anization. The layout should be flexible enough to 
provide the effective use of the units under changing 
conditions and varying rates of production. 
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ABSTRACT 

This is the third progress report on a research project spon- 
sored by the Research Committee of the A.F.S. Brass and Bronze 
Division on the development of a fracture test procedure for 
evaluating the melt quality of brass and bronze alloys. 

In the first progress report 1 it was shown that fracture charac- 
teristics of sand cast flats, 1/2 to 2 in. thick, could be correlated 
with melt quality. However, the rather long time required for 
this test decreased its usefulness for production control. 

In the second progress report? a more rapid (3-min) test for 
melt quality was proposed. This test utilizes a 3/4 in. x 3 in. x 6 in. 
block, cast against a gray iron chiller. Instructions for the use of 
this test and evaluation of the fractures were prepared in a sepa- 
rate pamphlet. 

The present report presents data obtained in evaluating the 
effects of variations in the size and shape of the chill block cast- 
ing and variations in the temperature of the chiller from room 
temperature to 700 F on the fracture appearance of 85-5-5-5 alloy 
chill blocks. A determination of the cooling rates in a 3/4 in. x 3 
in. x 6 in. chill block has also been made. The relations between 
melt quality appearance of 88-8-4 alloy have been investigated. 
A study was also made of the influence of degassing with dry 
nitrogen on the fracture appearance and melt quality of 85-5-5-5 
and 88-8-4 alloys. 


Introduction 

‘THE DETRIMENTAL EFFECTS of dissolved reducing 
gases, particularly hydrogen, on the quality of copper- 
base alloys are well known. These alloys have the abil- 
ity to dissolve gases in varying quantities and, there- 
fore, to suffer varying degrees of impairment of quality. 
The quality of a particular alloy might vary widely 
from melt to melt, due to small uncontrolled differ- 
ences in melting practice, with the result that the brass 
or bropze foundryman is generally uncertain as to the 
success he might expect when he casts a particular melt. 
Until recently there has been no satisfactory test which 
could be used to evaluate the quality of the metal be- 
fore casting, so that most foundrymen simply made the 

castings and tested the metal at a later time. 
The present project, sponsored by the Research 
Committee of the Brass and Bronze Division of the 
American Foundrymen’s Society was initiated at the 
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University of Michigan, to investigate the possibility 
of the development of a test procedure by which melt 
quality in red brass could be evaluated before the metal 
was Cast. 

In the early stages of the project a study was made 
of the interrelationship of melt quality of 85-5-5-5 red 
brass and fracture characteristics of sand cast flats 14 in. 
to 2 in. thick. A definite correlation was observed, and 
it was found that the tensile properties of standard test 
bars could be predicted from fracture appearance in 
sand cast flats. However, the time required for the 
solidification, notching, and fracturing of the test flats 
was too long for the test to be valuable as a production 
control. 

In an effort to speed up the test, the use of a chilled 
fracture block was investigated. It was found that melt 
quality could be correlated with the fracture appear- 
ance of a chilled 3% in. x 3 in. x 6 in. casting, and that 
tensile properties could be predicted. The test using 
the chilled casting requires only about 3 min, which 
makes it useful as a production control, since it is not 
necessary to hold molten metal for unduly long time 
periods while the test casting is examined. 


The present report includes data secured in attempts 
to refine the chilled fracture test bar procedure and to 
investigate its usefulness for evaluating the melt qual- 
ity of other copper-base alloys. 

In the earlier stages of the project, melts were inten- 
tionally made either of high or low quality. No at- 
tempts were made to secure data from melts of poor 
quality which were later improved by degassing with 
dry nitrogen. Since this practice is relatively common 
in commercial foundries, it was desired to secure data 
from heats in which this practice was used. Such data 
are presented in this report. 

H. H. Fairfield* reported in a discussion of the sec- 
ond progress report, the successful use of a chilled frac- 
ture test bar as a production control in a commercial 
foundry casting several copper alloys, including 
85-5-5-5 and 88-8-4. Part of the work in the present proj- 
ect has been conducted to evaluate the usefulness of 
the chilled casting for 88-8-4 alloy and to determine a 
procedure for interpreting fractures of this alloy. The 
findings of these investigations are presented in this 


report. 
















i 
2 
; 


1 2 
3% x 3x 6 in. 


44x 3x Gin. 
tapered 


MELT QUALITY AND FRACTURE CHARACTERISTICS OF BRONZIS 


3 4 
3%, x 6x 6 in. 34 x 6 x 6 in. 
tapered 


Fig. la—Effect of size of chill block on fracture characteristics of 85-5-5-5 red brass. (Induction furnace melt 
No. 85, high quality.) 


Procedure 


A total of 50 melts were made in an induction fur- 
nace with a magnesia lining or in a gas furnace with a 
clay-graphite crucible. The chill blocks were cast in 
core sand molds which were made of lake sand (A.F.S. 
50 grain size) bonded with | per cent oil, 1 per cent 
cereal and | per cent bentonite. The tensile test bars 
(ASTM B 208-49T Fig. 4) were cast in dried molds 
made of bank sand (A.F.S. 90 grain size) bonded with 
3 per cent bentonite. The charges were standardized 
at 50 per cent new ingot and 50 per cent scrap from 
previous melts. The melts were heated to 2250 F and 
tapped into a preheated ladle. Additions of 2 oz of 
phosphor-copper per 100 lb of metal for deoxidation, 
and | Ib of zinc per 100 Ib of metal to compensate for 
melting loss, were made. Chill blocks and tensile test 


bars were poured at temperatures ranging from 2175 F 
to 2050 F. Many variations in melting practice other 
than those steps detailed above were used to produce 
heats of varying melt quality; however, the above steps 
were followed in all melts. 
Chill Block 

The effects of decreased thickness or height of the 
chilled block on the fracture characteristics as indi- 
cators of melt quality were investigated previously and 
reported in the second progress report. It was con- 
cluded from the data presented that the 34 in. x 3 in. x 
6 in. block gave a more reliable fracture for the predic- 
tion of melt quality. In order to evaluate the effect of 
tapering the chilled block and increasing its dimen- 
sions, chill blocks of the following dimensions were 
made: 
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1 2 8 4 
34x 3x 6 in. 34 x 3x 6 in. 3%, x 6 x 6 in. 4 x 6 x 6 in. 
tapered tapered 


Fig. 1b—Effect of size of chill block on fracture characteristics of 85-5-5-5 red brass. (Gas-fired furnace melt 
No. 73, low quality.) 


TABLE | 
ee 
Block Blue- Degree 
Heat Melt Dimen- Grain gray of 
Number Quality sions, in. Size Depth, in. Mottle 
85 High x 3X oe ' : Slight 
Fine Slight 
tapered 
%x6x6 Fine 2 Intermediate 
%xX6x6 Coarse . Intermediate 
tapered 


%x3x6 Fine ' Intermediate 
%x3x6 Coarse Intermediate 
% x 6x6 Coarse ; Intermediate 

% x 6x6 Coarse High 
tapered 


ee  —————— 
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TABLE 2—EFFECT OF SIZE OF CHILL BLOCK ON FRACTURE CHARACTERISTICS OF 85-5-5-5 





Depth of Columar 
Blue Gray_ Grain 
Depth, in. Blue Gray Mottlef 


Block 
Dimen- 
sions 


Pouring 
Temp. 


Tensile . Per cent 
Melting Strength, Elongation 


Heat 
Num- Oxidized 
Shrink 


Grain 
Size 


ber Furnace psi in 2in. Density oF Quality 





8.86 ? Low 


Tapped 
at 
2280 


60 Induction 31900 19 
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B and O 2 
BandO 
Band O 
Band O 


Fine i 
Fine 

Fine 

Coarse 





62 Induction 
2130 


Red Brown 
B and O 
BandO 
Band O 


Fine 
Fine 
Fine 
Coarse 








Band O 
B and O 
Band O 
Band O 


Fine 

Coarse 
Coarse 
Coarse 





B and O 
B and O 
B and O 
Band O 


Coarse 
Fine 

Coarse 
Coarse 
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75 Induction 
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Coarse B 


Coarse 
Fine 
Coarse 


Rust 
Rust 
Rust 


Band O 
Gray 
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76 Induction High 


Rust-Green 
Rust 


B 
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Fine 
Fine 
Fine 





71 Induction Low 


Band O 
Band O 
Band O 
Band O 


Coarse 
Coarse 
Coarse 
Coarse 
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mediate 
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Oand B 
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O and B 
Oand B 


Coarse 
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85 Induction High 


4 
5 
6 
1 
4 
5 
6 
1 
4 
5 
6 
1 
+ 
§ 
6 
1 
4 
5 
6 
1 
4 
5 
1 
4 
5 
6 
1 
4 
5 
6 
1 
4 
5 
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B and O 
B and O 
Band O 
Band O 


Fine 
Fine 
Fine 


3 
2 
3 
2 
2 
2 
3 
2 
2 
2 
3 
2 
2 
2 
3 
2 
B 2 
2 
3 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
3 
1 
1 
2 
Coarse 2 





*1—% x3x6 

4—% x 3 x 6 Tapered 
5—% x6x6 

6—%4 x 6 x 6 Tapered 


+ Rated 1 No mottle 
2—Medium mottle 
3—Heavy mottle 





4 in. x 3 in. x 6 in. (standard) 

3/4 in. x 3 in. x 6 in. tapered to 114 in. at the 

air-cooled surface 

3% in. x 6 in x 6 in. 

3/4, in. x 6 in. x 6 in. 

air-cooled surface. 

All were cast under the procedure detailed above. 
Data from these melts are presented in Table 2. 
Representative fractures are shown in Fig. la (high 

melt quality) and 1b (low melt quality). The depth of 
the blue-gray zone in the % in. x 3 in. x 6 in. block of 
the high quality melt is 134 in. The area above the 
blue-gray shows only a small amount of mottle. The 
overall texture of the fracture is fine. The blue-gray 
depth in the fracture of the tapered 3 in. x 3 in. x 6 in. 
block is 2 in., about the same as in the straight 34 in. x 
3 in. x 6 in. bar. There is more mottle in the region 
above the blue-gray, and the fracture is coarser in this 
area. The fracture of the 34 in. x 6 in. x 6 in. block is 
blue-gray to a depth of 214 in. The upper end is some- 
what more mottled and coarser above the blue-gray 
than in the % in. x 3 in. x 6 in. block. The blue-gray 
depth in the fracture of the tapered 34 in. x 6 in. x 6 in. 
block is 3 in., and the area above the blue-gray is very 


tapered to 114 in. at the 


mottled and coarse. 

In the Fig. lb (low quality), the depth of the blue- 
gray zone in the % in. x 3 in. x 6 in. chill block is 114 in. 
The area above the blue-gray zone is quite mottled, and 
the overall texture of the fracture is coarser than the 
corresponding high quality fracture in Fig. la. The 
blue-gray depth in the fracture of the tapered 34 in. x 
3 in. x 6 in. chill block is 114 in. The area above the 
blue-gray is more mottled and coarser than either the 
high quality tapered 3/4 in. x 3 in. x 6 in. block or the 
low quality straight 34 in. x 3 in. x 6 in. block. The 
fracture of the 34 in. x 6 in. x 6 in. block is blue-gray 
to a depth of 1-1/16 in. The area above the blue-gray 
zone is more mottled and coarser than in the corre- 
sponding high quality fracture. The blue-gray depth in 
the fracture of the tapered 3 in. x 6 in. x 6 in. block is 
114 in. The area above the blue-gray zone is much 
coarser and more mottled than in the corresponding 
high quality fracture. A summary of these data are 
presented in Table 1. 

The above data demonstrate that increasing the 
height of the chill block from 3 in. to 6 in. tended to 
increase the depth of the blue-gray zone in high-qual- 
ity metal but had little effect on the blue-gray zone in 
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Jow-quality melts. Tapering the chill block gave a 
coarser and more mottled fracture above the blue-gray 
region. 

\ comparison of the same size chill blocks from high 
and low quality melts and high and intermediate qual- 
ity melts shows that there generally is a proportion- 
ately greater difference in the depth of blue-gray in the 
6-in. straight blocks than in the other size blocks. How- 
ever, there generally is a proportionally greater differ- 
ence in the depth of blue-gray in the 3-in. chill blocks 
when the comparison is made between low and inter- 
mediate quality melts. The 6-in. blocks are, therefore, 
more sensitive in differentiating high quality from low 
and intermediate quality melts, but less sensitive when 
differentiating between intermediate and low quality 
melts. 

In general, the fractures of the higher 6-in. blocks 
were not found to be as reliable as the fractures of the 
5-in. blocks, because there was greater variation in the 
depth of blue-gray for a particular range of elongation 
in tensile test bars poured with the fracture test bars. 
The fractures of the 3-in. tapered blocks were substan- 
tially the same as the 3-in. untapered, except for the 
increase in mottle and coarseness above the blue-gray 
zone. It is believed that, of the sizes investigated, the 
34 in. x 3 in. x 6 in. chill block gives the most reliable 
fracture, is most economical, and provides the most 
rapid test. 


Variation in Chiller Temperature 

In view of the fact that, in a commercial foundry, 
many chill blocks might be cast in succession on the 
same chiller, it was desired to evaluate the effect of the 
temperature of the chiller on the fracture character- 
istics. Several heats were made, casting 34 in. x 3 in. x 
6 in. chill blocks on chillers at room temperature, 400, 
600, and 700 F. Data from these heats are presented in 
Table 3. 

Fractures from a high quality and a low quality heat 
are shown in Fig. 2a and 2b. The high quality frac- 
tures, Fig. 2a, have blue-gray zones of 2 in., 2 in., 17 in. , 
and 17% in. for the blocks poured on chillers at room 
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temperature, 400, 600, and 700 F., respectively. The 
coarseness and mottle are about the same for all four 
blocks. None of the low quality fractures, Fig. 2b, have 
blue-gray zones. The grain size and mottle in these 
fractures are also about the same in all four blocks. 

Variations in depth of the blue-gray zone for the 
blocks poured on chillers at varying temperatures are 
within the variation encountered among several heats 
of the same tensile strength and elongation. Therefore, 
it is believed that the temperature of the chiller, up to 
700 F, has no significant effect on fracture appearance 
of chilled castings. 


Extension of Test to 88-8-4 Alloy 


Several heats of varying quality were made to secure 
information from which a correlation between melt 
quality and chill block fracture characteristics of 88-8-4 
alloy might be obtained. Data from these heats are 
presented in Table 4. Considerable difficulty was en- 
countered in producing heats of low quality. The addi- 
tion of wet clay to an induction melt just before tap- 
ping seemed to have little or no effect on the proper- 
ties obtained. 

The tensile properties have been classified in three 
ranges—high, intermediate and low. A high quality 
melt has at least 47,000 psi tensile strength and 50 per 
cent elongation in 2-in. Intermediate quality includes 
melts from 40,000 psi to 47,000 psi tensile strength and 
35 to 50 per cent elongation. Low quality melts fall 
below 40,000 psi tensile strength and 35 per cent elon- 
gation. 

In order to produce a poor quality heat it was nec- 
essary to melt in a gas furnace with a strongly reducing 
atmosphere. When the melt temperature reached 
2250 F, wet clay was pushed beneath the surface of the 
melt to obtain an intimate contact of the metal with 
the steam formed. The melt was then cooled to about 
2150 F and poured. 


Fractures of 88-8-4 Alloy 
Typical fractures for 88-8-4 alloy chill blocks are 
shown in Fig. 3. The high quality fracture, No. 1, has a 


TasBLE 3—EFFECT OF CHILLER TEMPERATURE ON CHILL BLOCK FRACTURE CHARACTERISTICS OF 85-5-5-5 Rep Brass 
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Chiller Degree 
Above of 


Depth of Columnar 


Pouring 
Grain 
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Tensile Per cent 
Heat Melting Strength, Elongation Grain Oxidized 


Number Furnace psi in2in. Density °F Quality 


Size 


Temp., Blue Gray, 
°F 


in. Depth,in. Blue Gray Mottle* Shrink 





$9 Induction 39250 36 8.84 2150 High 


Fine 
Fine 
Fine 
Fine 


Room 1% x% 


400 
600 
700 


13% 6 


2 lg 
2 lo 


Blue-Orange 

Blue-Orange 

Blue-Orange 
Blue 


No 
Rust 
No 
No 





Fine 
Fine 
Fine 
Fine 


Room 


600 
700 
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1 
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Blue-Orange 
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No 
No 
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mediate 


Induction 


Coarse 
Coarse 
Coarse 
Coarse 


400 
600 
700 
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% 


Gray 
Gray 
Gray 
Gray 
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Orange 
Orange 
Orange 





Coarse 
Coarse 
Coarse 
Coarse 


Room 


600 
700 


2 
2 
1 
1 
2 
2 
2% 
1 
0 
0 
0 
0 


Orange-Blue 
Orange-Blue 
Orange-Blue 
Orange-Blue 
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No 
No 
No 
No 





* Rated 1—No mottle 


2—Some mottle 
3—Heavy mottle 
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Fig. 2a—Effect of chiller temperature on fracture characteristics of 85-5-5-5 red brass. (Induction furnace melt 
No. 64, high quality.) 
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Fig. 2b—Effect of chiller temperature on fracture char acteristics of 85-5-5-5 red brass. (Gas-fired furnace melt 
& . 
No. 98, low quality.) 


fine, dense structure and is light yellow in color. The 
texture is finest and the color lightest at the chilled 
surface. The area near the air cooled surface is some- 
what mottled and appears yellow-tan. The fracture is 
also coarser near the air cooled surface. The texture of 
the intermediate quality fracture, No. 2, is coarser than 
the high quality and the color is yellow-tan. The mot- 
tle in the upper part of the fracture is gray. The low 


quality fracture, No. 3, is quite coarse and has a red- 
dish-gray color. 

A type of fracture which occurred frequently is 
shown in Fig. 4 (2). The area next to the chiller is fine 
textured and light yellow. A short distance from the 
chiller the color changes abruptly to gray, mottled 
with tan. At the top of the block near the air cooled 
surface a bright orange oxide spot appears. The abrupt 
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1 2 3 1 2 
High Quality High Quality 


High Intermediate Low 
Quality Quality Quality 
Melt No. 101 100 99 
Fig. 4—Typical fracture and zoned 
fracture of 88-8-4 bronze chilled blocks 
3, x 3 x 6 in. 


Fig. 3—Fracture characteristics of 88-8-4 bronze chilled 
blocks 3/4 x 3 x 6 in, 


TABLE 4—TENSILE PROPERTIES AND CHILL BLOCK FRACTURE CHARACTERISTICS OF 88-8-4 BRONZE 





Tensile Per cent Pouring Color 
Strength, Elongation Temp., Fracture Fracture of Oxidized 


Heat Melting 
Quality Color Texture* Mottle Shrink Zones 


Number Furnace psi in2in. Density °F 


86 Induction 50,500 63 8.76 2170 High Yellow-Gray MF Gray Yes Yes 
87 Induction 46,600 59 8.76 2175 Intermed. Yellow-Tan MF Tan No No 
88 Induction 47,000 65 2100 High Yellow-Gray MC Gray Yes Yes 
89 Induction 47,000 5 2100 High Yellow-Gray MC Gray Yes Yes 
Induction 47,000 1975 High Yellow-Gray Cc Gray Yes Yes 

Gas 43,500 2150 Intermed. Reddish-Tan MF Tan No No 

Gas 46,200 2150 Intermed. Yellow F Tan No No 

Gas 47,700 2150 High Yellow MF Tan No No 
Induction 47,500 2145 High Yellow MF Tan No No 
Induction 41,100 2130 Intermed. Yellow-Tan F Tan No Yes 
Induction 48,000 2100 High Yellow-Gray MF Gray Yes Yes 

Gas 29,500 2175 Low Reddish-Tan € Tan No No 
Induction 44,600 2160 Intermed. Reddish-Tan MF Tan No No 
Induction 55,600 2155 High Yellow-Tan F Tan No No 
Induction 46,250 52.5 2145 Intermed. Yellow-Tan MF Tan No No 
Induction 46,200 58 2120 Intermed. Yellow-Tan F Tan No No 
Induction 46,100 46.5 2150 Intermed. Yellow-Tan F Tan No No 
Induction 45,700 61 2145 Intermed. Yellow-Tan F Tan No No 

Gas 48,000 59 2145 High Yellow-Tan MF Tan No No 

Gas 43,400 33 2130 Low Yellow-Tan F Tan No No 
Gas 37,700 24 2050 Low Yellow-Gray Cc Gray No Yes 
109N Gas 45,900 49 2050 Intermed. Yellow-Tan MC Gray Yes Yes 

N indicates melts degassed with nitrogen. * F—Fine 
MF—Medium Fine 
MC—Medium Coarse 
C—Coarse 
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ing solidification, which draws air into the chill block 


transition from yellow to gray occurred only when the 
from the air cooled surface and produces the oxidized 


oxide spot was also present. This type of fracture gen- 
erally occurred when the metal was poured cold. For surface. 

example: heats 88-90, 96, 109N were all poured at A high quality fracture is characterized by a fine 
2100 F or lower, and all had this type fracture. There texture and light yellow color. As the melt quality de- 
creases, the fracture becomes coarser, and the color 


were some exceptions to the generalized statement that 
- tends to be a gray-tan or reddish-tan. The fractures of 


this type of fracture is the result of pouring at 2100 F 
or less, which indicates that other factors, as yet undis- 88-8-4 chill blocks, with the exception of the pouring 
closed, might contribute to its appearance. It is be- high and low quality as does the 85-5-5-5 alloy. No 
lieved that the oxide spot is caused by shrinkage dur- measureable characteristic such as the blue-gray zone 
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in the 85-5-5-5 was found in the 88-8-4 alloy chill blocks, 
and no columnarity was observed in any of the frac- 
tures. 

The same precautions which applied to the casting 
of 85-5-5-5 chill blocks must be observed when pouring 
88-8-4 chill blocks, with the exception of the pouring 
temperature. 

These precautions are: 

1. The pouring temperature should be in the range 
2120 to 2200 F. 

2. All chill blocks should be examined for evidence 
of surface blows, due to gas pickup from the chiller or 
from the metal strip used for notching. 

3. The pouring basin must be removed from the 
mold as soon as the metal is poured, in order to pre- 
vent the basin from chilling the top of the block. 

4. The chilled blocks must not be quenched at too 
high a temperature or an unreliable fracture will re- 
sult. 


Degassing with Dry Nitrogen 

The possibility of improvement of melt quality by 
sweeping dissolved gases from the molten metal with 
dry nitrogen is well known. In order to investigate the 
influence of degassing with nitrogen on fracture ap- 
pearance in the chill block casting, several heats were 
made using the procedure previously outlined for pro- 
ducing a poor quality melt. After the wet clay was 
added, about half the metal was poured into a pre- 
heated ladle. The zinc and the phosphor-copper addi- 
tions were made, and the two chill blocks and one test 
bar mold were poured. The remaining metal was re- 
turned to the furnace and degassed with a measured 
amount of nitrogen. Phosphor-copper and zinc addi- 
tions were made, and two more chill blocks and a test 
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bar mold were poured. 

Data obtained from these heats are presented in 
Table 5. Representative 85-5-5-5 alloy chill blocks are 
shown in Fig. 5a. Chill blocks | and 2 were poured afte 
the addition of wet clay, but before degassing with 
nitrogen. Chill blocks 3 and 4 were poured .after de 
gassing. The height of the blue-gray zone in block | 
and 2 is 4 in. The area above the blue-gray zone is 
rather coarse and mottled. The tensile properties of th« 
bars cast with chill blocks 1 and 2 averaged 36,000 psi 
tensile strength and 21 per cent elongation. After de- 
gassing with 2.4 cu ft of nitrogen per 50 Ib of metal th« 
blue-gray zone was raised to 15, in., and the area above 
the blue-gray zone became somewhat finer than that 
in blocks 1 and 2, and had less mottle. 

The tensile properties of the bars accompanying 
chill blocks 3 and 4 averaged 39,400 psi tensile strength 
and 29.5 per cent elongation. The nitrogen degassing 
brings about an increase in the tensile properties of 
the metal and an accompanying increase in depth ot! 
the blue-gray zone in the chill block. The color of the 
blocks poured after degassing is much bluer, and the 
overall texture of the fracture is finer, also the area 
near the air cooled surface is much less mottled afte: 
degassing. All these changes in fracture appearance 
indicate improved melt quality. 

Figure 5b shows typical fractures accompanying the 
improvement of the melt quality of 88-8-4 alloy by de- 
gassing with nitrogen. Fractures | and 2, poured before 
degassing, have a coarse granular surface, which is dull 
gray-tan. Fractures 3 and 4 were poured after degassing 
with 2.5 cu ft of nitrogen per 60 lb of melt. These 
fractures are more yellow and less gray than fractures 
1 and 2, and the texture is finer. The fractures obtained 
after degassing a low quality melt appeared the same 


TABLE 5—EFFECT OF DEGASSING WITH Dry NITROGEN ON TENSILE PROPERTIES AND CHILL BLOCK FRACTURE 
CHARACTERISTICS 





Tensile Per cent 
Melting Strength, Elongation 
Furnace psi in2in. Density 


38400 32.5 
32.0 


37600 

38300 36 

38700 36 

34200 17.5 

38000 25.5 
29 


39500 
39300 30 


Heat 
Num- 
ber 


102 A 
B 


Min. 





1975 
1975 10 
2170 

2170 

2130 

2130 


2130 
2130 


Induction 
Induction 





102NA Induction 
B Induction 


1 Gas 
2 Gas 


108N 1 Gas 
2 Gas 





108 








Pouring Degass- Nitro- 
Temp., ing Time, gen 
°F cuft Quality Size 


1.3 


88-8-4 BROoNzr 


High 


Color Degree 


Depth of Columnar 
Degree of 


Grain Blue Gray Grain 
in. Depth 


Oxidized 


High Orange 
Rust 


“No 
No 
No 
No 
No 
No 


Coarse 
Coarse 
Fine 
Fine 


High 
High 
Low 


Low 


Blue-Orange 
Blue-Orange < 


Coarse 
Coarse 


Blue-Orange 
Blue-Orange 


Inter. 
High 


Fine 
Fine 





Tensile Per cent 
Strength, Elongation 
psi in 2in. Density 


45800 48 8.77 
46300 45 8.75 
45700 55.5 77 
45700 61 58 


Heat 
Num- 
ber 


106 1 Induction 
2 Induction 
106N1 Induction 
2 Induction 


Melting 
Furnace °F 

2150 
2150 
2145 
2145 


Min. 





Pouring Degass- Nitro- 
Temp., ing Time, gen 
cu ft 


Color 
Fracture of 
Texture Mottle Zones 


Med. Fine 

Med. Fine 
Fine 
Fine 


Fracture 


Color Inclusion 


Quality 








Yellow-Tan 
Yellow-Tan 
Yellow 
Yellow 


Intermediate 
Intermediate 
Intermediate 
Intermediate 


Tan 
Tan 
Tan 








2050 
2050 
2050 
2050 


38100 24 
37300 24 
45800 46 
45900 49.5 


Tan 
Tan 


Coarse 
Coarse 
Med. Fine Tan 
Med. Fine Tan 


Gray 
Gray 
Tan 
Tan 


Low 
Low 
Intermediate 
Intermediate 





N indicates melts degassed with nitrogen. 


* Rated 1—No mottle 
2—Some mottle 
3—Heavy mottle 
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Low Quality 


Intermediate Quality 


| and 2 were poured from poor quality melt; 3 and 4 were poured from same melt after degassing 


Fig. 5a—Effect of degassing with nitrogen on fracture characteristics on 85-5-5-5 red brass. (Gas-fired furnace 


melt No. 108.) 


Low Quality 


Intermediate Quality 


! and 2 were poured’from poor quality melt; 3 and 4 were poured from same melt after degassing 


Fig. 5b—Effect of degassing with nitrogen on fracture 


characteristics of 88-8-4 alloy. (Gas-fired furnace melt 


No. 109.) 


as fractures from melts of similar tensile properties 
made under improved melting practice, such that de- 
gassing was not required. The tensile properties of the 
test bars accompanying blocks | and 2 averaged 24 per 
cent elongation: and 38,000 psi tensile strength. After 
degassing, these properties rose to an average of 48 per 
cent elongation and 45,900 psi. 


Degassing a poor quality melt will change the frac- 
ture obtained in the chilled block, as the tensile prop- 
erties are improved. In the case of 85-5-5-5 alloy the 
depth of the blue-gray zone is increased, the overall 
texture is refined and the mottle in the upper area is 
decreased. When a poor heat of 88-8-4 is degassed with 
dry nitrogen, the color of the fracture changes from 











76 





gray mottled with tan to a yellow-tan, and the texture 
of the fracture is refined. 


Conclusion 

The results of the investigations to date may be 
summarized as follows: 

1. The % in. x 3 in. x 6 in. chilled block appears to 
be the most satisfactory of the sizes investigated for 
foundry quality control. 

2. There is no effect on the fracture appearance of 
varying the chiller temperature from room tempera- 
ture to 700 F. 

3. A definite correlation has been found between 
melt quality of 88-8-4 alloy and fracture appearance of 
chilled blocks. A high quality fracture is characterized 
by a fine, dense texture and a light yellow color. A low 
quality fracture is reddish-tan or gray-tan in color and 
has a coarse texture. 

4. Heats degassed with dried nitrogen show an im- 
provement in fracture characteristics, accompanying 
the improvement in melt quality. 


ADDENDUM 


Practical Applications of Test 

It is realized that considerable care must be exer- 
cised when performing the fracture test. Several pre- 
cautions concerning pouring temperature, gas pickup 
from the mold and chiller, removal of the pouring 
basin, and quenching of the chill blocks were men- 
tioned earlier in this report. In addition to these pre- 
cautions the men using the test should be trained in 
the evaluation of the fractures. The color changes in 
the fracture are rather difficult for the untrained eye 
to see. Some experience is necessary before the operator 
is able to make an accurate prediction of melt quality. 
To facilitate the examination of the fractures good 
lighting is essential. A blue fluorescent light has been 
found fairly satisfactory for this purpose. 

The manner in which the fracture test is applied in 
a commercial foundry will depend upon the foumdry 
practice utilized. There are, of course, many possible 
ways in which the test could be used. Three methods 
will be discussed here. 

If the melting is done in a large production unit, a 
chill block can be cast from the first ladle tapped. This 
ladle can then be used for a casting in which high prop- 
erties are not of particular importance. Meanwhile the 
chill block will have solidified and can be fractured 
and examined. If the fracture indicates that melt is of 
high quality, the remainder of the melt can be used for 
castings where good quality metal is essential. When 
the test is used in this manner there is no delay in- 
volved, while the chill block cools, and is fractured and 
examined. 

If all melts must be of high quality, and degassing 
procedures are used for the improvement of melt qual- 
ity, the fracture test can be used as a control on the 
amount of nitrogen or other inert gas which is bubbled 
through the melt. When the melt reaches the tapping 
temperature a chill block can be poured, fractured, and 
examined. If the fracture indicates that the melt is of 
high quality, it can be poured immediately. If it is of 
low quality, the melt can be degassed. The time of de- 
gassing necessary can be estimated from the chill block 
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fracture. At the end of the estimated degassing tim« 
period another chill block can be poured and the frac 
ture examined to determine if sufficient improvement 
in melt quality has occurred. 

The fracture test can be used in conjunction wit] 
other types of smaller melting units to determine the 
optimum melting practice or to determine the averag: 
quality of the metal cast. A chill block could be casi 
from each melt before pouring. At a later time the mel: 
quality, as indicated by the fracture, could be corre 
lated with the melting practice used or, if a pit type 
furnace is used, a correlation might be found between 
the position of the pot in the furnace and the melt 
quality. Such a procedure over a long period of time 
would give an indication of the average melt quality 
of the metal produced in the foundry and provide data 
upon which improved practices could be based. 
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DISCUSSION 


Chairman: B. N, AMrs, New York Naval Shipyard, Brooklyn. 

Co-Chairman: J. W. Bovron, The Lunkenheimer Co., Cincin- 
nati. 

|]. J. Mayer: * Does analysis, be it on the low or the high 
side of the zinc, or the low or high side of the tin, of those 
chill block fractures have much influence? 

Mr. SHELLENG: That is one of the things we have not 
investigated. 

H. C. AuL:* What is the effect of water quench on these 
tests? Can these test blocks be water quenched without effect 
on the fracture itself? 

Mr. SHELLENG: In the case of the &85-5-5-5 alloy, if quenched 
too scon, the fracture is apt to be erroneous, due to cracking at 
or near the chilled surface. However, they can be quenched in 
about 2 min. after pouring. 

Mr. Aut: Is there any indication that this fracture test will 
hold for other alloys? Can there be any correlation between 
these groups such that we can end up with one set of specifica- 
tions instead of a different set for every type of alloy? 

MR. SHELLENG: Since we have investigated only two alloys that 
is rather difficult to answer. We feel confident that the change 
of texture of the fracture from fine to coarse, as the melt 
quality varies from high to low, very likely will be an indicator 
cf quality on all alloys. 


1 Vice President, Lumen Bearing Co., Buffalo. 
2Lt., USNR, Washington, D. C. 
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G. K. EGGLEston:* As a matter of interest, what procedure 
as used to produce low quality metal for these tests? 

Mr. SHELLING: We found that melting in a gas-fired furnace 
with a reducing flame would usually produce low quality metal. 
We also produced low quality metal by melting it in an induc- 
tion furnace and pushing balls of wet clay beneath the surface 
of the metal, and some steam got into the brass. It was very 
dificult to produce low quality metal from the 88-8-4 alloy. 
that seemed to turn out good, in spite of us. However, melting 
in the gas-fired furnace with a reducing flame usually did the 
trick. 

W. L. Rupin:* I tried this test in a few foundries on the 
81-3-7-9 alloy assuming that what had been done on the 85-5-5-5 
alloy would hold for the 81-3-7-9. The results we got were very 
inconsistent. 

Mr. SHELLENG: We have had no experience with the 81-3-7-9 
alloy. 

Mr. Ruptn: In a discussion with Mr. Halliwell, I find that he 
experienced the same problems that I did in the 81-3-7-9 alloy. 
Even though there are only small variations between 85-5-5-5 
and 81-3-7-9 alloys, we could not use the data from one and 
apply them to the other alloy. 

G. P. HALLIWELL: ° We tried the fracture test on the 81-3-7-9 
alloy. We obtained samples from heats melted under good 
(oxidizing) conditions and also from heats melted under reduc- 
ing conditions with glass slag over the metal and under smoky 
flame. I know of no better way to get gassed metal than that, 
but on our fractures we could not tell the difference. Yet the 
properties of the test bars indicated that we had a very poor 
metal and also a good metal. 

We did, however, get some of the distinguishing features of 
the 85-5 but they were not as marked as I would have 
liked to see them. 

Mr. Rore: The tests we have run so far at the University 
of Michigan have been confined to leaded red brass and 88-8-4. 
We selected those two alloys largely with the idea in mind they 
would have two distinctly different metals; one with lead in the 
fracture, and the other in which we have true bronze structure. 

I believe from what we have seen in brasses and also some 
very inconclusive preliminary tests on aluminum alloys, that the 
main indication in all fracture tests for nonferrous materials 
using the chilled block is the texture of the fracture. Invariably, 
the high quality fracture is fine; the low quality fracture poured 
exactly the same Way is coarse. 

We might add a note of caution here. Anyone using this 
test should follow definite and closely controlled procedures. 
li you are very careful to have a dry chiller and thoroughly 
baked cores, adequately slotted so that, during the pouring, 
the basin does not chill the upper surface, most of your prob- 
lems will be solved. With these you can get adequately good 
fractures, which can be used to determine melt quality. If 
you slip in any one of those steps, you may get into trouble, 
and the slip will mean that you will have poor quality indica- 
tion. In other words, the test as it now stands is a test for high 
quality. A fracture indication of high quality means high qual- 
ity metal. A low quality indication is not necessarily a true 
indication. It may be due to failure to control the test condi- 
tions. 

C. L. Frear:* I am convinced that the fracture test is one 
of the best, if not the one best test for melt quality in tin 
bronzes. I usually pour a small block, in sand, which I break 
and examine the fracture for over-all color, which should be a 
blue-gray-yellow color if no oxides are present. By examining 
the fracture under about 10 diameters magnification interden- 
drite shrinkage is usually indicated by definite dendrites. If no 
shrinkage is present, no dendrites will be seen. I was wondering 
whether the writers have noted the presence or the absence of 
these dendrites. 

Mr. Rote: Chill blocks from high quality melts are dendritic 
throughout with dendrites going in from the chilled and core 
surfaces. In low quality metal the struciure becomes more 
diffuse. The upper sections of low quality blocks show very 
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definite voids. The cooling conditions concentrate the contamin- 
ating gas into the upper regions of the chill block. That is the 
reason that in 85-5-5-5, the depth of the blue-gray structure is 
the measure of the melt quality. 

C. A. Ropeck:* We used this fracture test in our foundry 
on castings that were particularly troublesome to our customers. 
We found the test more than worthwhile. 

CHAIRMAN AMES: I have one observation to make. The 
authors reported that test bar fractures poured at 2100 F and 
below yielded poor fracture characteristics, even on good quality 
metal. That goes back to our old thesis. Solidification molds 
play a big part. You can take good quality metal and get bad 
character if the pouring temperature is not right. The authors 
specify a particular pouring range. 

When you deviate from the class of alloys studied by the 
authors, you should give more study to the optimum pouring 
rates and crystallization before you begin to evaluate solidifica- 
tion molds rather than the quality of the metal itself. 

Mr. Rote: I would like to add that in 85-5-5-5 we found that 
the minimum pouring temperature was 2000 F. In 88-8-4, 2100 
F was the minimum safe pouring temperature. 

I think Mr. Ames’ point is very important. When going to 
another class of alloys, you might as a first step check your 
effective pouring temperature. I know, again from very in- 
conclusive tests on light alloys that pouring temperature has 
very important bearing on fracture appearance, and there is a 
minimum pouring temperature for aluminum as well as copper- 
base alloys which we have discussed in this report. 

D. G. ScHMIDT: > How soon do you recommend removing the 
pouring basin? 

Mr. Rore: It should be removed immediately. We, in fact, 
recommend that you slot the top of the core used for this chill 
block, so that the metal will not touch the pouring basin. But, 
for safety, we recommend that you get the basin off at once. 

Mr. SCHMIDT: We poured 85-5-5-5 at 2200 F to 2150 F. What 
is the maximum pouring temperature of 88-8-4? 

Mr. Rote: We poured blocks from the 85-5-5-5 at tempera- 
tures as high as 2275 F and as low as 1950 F and the only blocks 
in this series which showed uncertain fracture indications were 
those poured below 2000 F. 88-8-4 was poured at 2250 F to 2100 
F and all blocks showed certain fracture indications. 

Mr. ScHMipT: Have you noticed any. consistent relationship 
between shrink area and metal quality? 

Mr. Rote: There is a consistent relationship, but the shrink 
area is more consistently related to the pouring temperature. We 
have not observed shrink in very low quality metal. We have 
observed it in high quality metal which was poured at low 
temperatures. We consider the presence of the shrink area an 
indication that we are coming close to the lower limit of pour- 
ing temperature for production of a satisfactory chill block. 

We showed shrink areas in some of our chill blocks. That 
fact that there is a shrink area present does not indicate that 
the block is not satisfactory or reliable, but it is an indication 
that you may be approaching trouble. 

CHAIRMAN AMES: Have you ever taken a low quality melt and 
poured it at 2250 F or higher? 

Mr. Rote: Yes, and we got about the same kind of fracture 
that we got with a lower temperature, with one reservation, 
that it tends to somewhat better fracture than would be indi- 
cated if the block were poured at 2100 F. 

CHAIRMAN AMEs: That has been our experience with other 
tests. You can take a bad quality melt and get better fracture 
indication than you would by pouring it from excessively high 
temperatures, 

Mr. Rote: That is one other precaution that would be 
injected here. A poor quality melt poured at high temperature 
never has the fracture indications that a high quality melt has. 
Ihe degree of mottle may vary. The brown or gold mottle may 
be less on pouring at high temperature, but it will not be 
eliminated. The texture and color of the overall fracture will 
not change. 

Ws. ROMANOFF:® Do I understand correctly that if you 
take a poor quality melt, dropping temperature will not help, 
and that poor quality melt poured at higher temperature will 
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give better results? That is entirely different than we have 
ever found. 

Mr. Rore: The fracture appearance of chilled blocks poured 
at high temperatures are better than those poured at lower 
temperatures. However, metal allowed to stand in the pot out 
of the furnace and poured into tensile bars at varying tempera- 
tures from 2275 F to 2100 F show better quality when poured 
at lower temperatures. 

Mr. HALLIWELL: Was the heating of poor quality melts to 
high temperatures done under reducing or oxidizing conditions? 

Mr. Rote: These melts were heated to high temperature 
under reducing conditions. 

Mr. HALLIWELL: What are the implications of this, since 
you get a good fracture? 

Mr. Rote: We get a better fracture, not a good fracture. 


MELT QUALITY AND FRACTURE CHARACTERISTICS OF BRONZIS 


H. J. Roast: It does seem rather a shock to me since 
invariably we have cast 85-5-5-5 at much lower temperatures, 
to wit, 1900 F for pressure test work, and had very good results. 
These are castings of perhaps not less than 14 in. in, cros;- 
section. We would pour at 1900 F. 

Mr. Rote: The appearance of the fracture will be better, 
if it is poured at a high temperature. Based on test bar results, 
the higher pouring temperature gives lower tensile propertics 
than lower pouring temperature. I could not make a statement 
on pressure tightness. We are talking about two different 
things. 


® Vice President and Technical Superintendent, H. Kramer & Co., Chicago 
10 Consultant, London, Ontario, Canada. 





V 





rag 








CHILL TESTS AND THE METALLURGY OF GRAY IRON 





D. E. Krause* 


ABSTRACT 


The design and application of chill tests for the control of the 
quality of gray iron castings are discussed. Much of the data 
contained in this paper constitutes a report of the activities 
of the Chill Test Committee of the American Foundrymen’s 
Society. 

The preliminary work done in regard to developing a stand- 
ardized design of wedge test by the Committee has shown that 
the sensitivity of the wedge test can be increased by decreasing 
the acute angle of the wedge without appreciably changing the 
chill value. Chill tests appear better suited to very soft irons 
than wedge tests whereas the latter are better adapted to the 
harder irons. 

The influence of the composition of the iron, melting practice 
and ladle additions on the chilling tendencies of gray iron is 
discussed. .The chilling tendency of gray iron increases pro- 
gressively with decreases in carbon and silicon content. As melt- 
ing conditions. become more strongly oxidizing, the chilling 
tendency of the iron increases. Additions of silicon alloys greatly 
reduce the chilling tendency of gray iron. 

The simplicity of the test, the rapidity with which it can be 
made, and the relative ease with which the results can be inter- 
preted should make the chill and wedge tests especially attrac- 
tive to the smaller shop. 


THE VALUE OF CHILL AND WEDGE TESTS as an aid 
to controlling the quality of gray iron has been recog- 
nized by a number of foundrymen for quite some 
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time. There are still a great number of foundrymen 
who are either not using these simple, rapid, and in- 
expensive tests or not using them to their fullest ad- 
vantage. Since only the simplest type of equipinent is 
needed and the necessary skill to use these tests is ac- 
quired readily, these tests should appeal especially to 
operators of the smaller shops. The rapidity of the 
test and the low cost of making the test are fully 
appreciated by the large production shops. 

Although chill and wedge tests are a great aid to the 
gray iron metallurgist, they are sometimes misinter- 
preted by operators not thoroughly familiar with what 
the chill test does and does not indicate. Chill and 
wedge tests are not a substitute for chemical analyses. 
Inability to always find a close correlation between 
the amount of chill on the test piece and the carbon 
and silicon content of the iron has often led some 
operators to feel that the test was of very little value. 
The chill test primarily shows carbide stability of 
iron or the tendency for the iron to solidify as a hard, 
white iron instead of a soft gray iron. 

Chemical composition is only one of the factors 
which affects carbide forming tendency of iron and 
hence one should not expect the relation of chill to 
composition to be necessarily close. Since one of the 
other important factors affecting the carbide forming 
tendency of iron is melting conditions, correlation 
of amount of chill with chemical composition becomes 
better as control over melting practice is improved. 
Chill and wedge tests therefore show the combined 
effect of melting practice and chemical composition. 
If one of these variables is carefully controlled, the 
test becomes a more reliable measure of the other 
variable. 

The term “chill tests” is often loosely applied to 
include two types of tests. In one test a small rec- 
tangular casting is poured with one edge against a 
chill plate while in the other a wedge-shaped piece is 
cast in a sand core. In the latter type of test piece, the 
rate of cooling depends on the thickness of the wedge 
at various distances from the apex of the wedge. Since 
use of the term in this manner may lead to some con- 
fusion, the term “chill test” will be applied only to 
that test piece which is cast against a chill plate. The 
term “wedge test” will be used exclusively for the 
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test piece cast in the form of a long wedge without 
the use of a chill plate. 

Although the amount of chill in the test piece is 
one of the most easily measured characteristics of the 
test piece and is sometimes the only one measured, 
the gray portion on the fractured test piece also indi- 
cates some of the properties of the iron. The appear- 
ance of the fracture between the fully white and fully 
gray zones as well as the depth of chill gives some 
indication of melting conditions. 


Application of Chill and Wedge Tests 


The use of chill and wedge tests may be divided 
into three classifications. The greatest use and the 
one with which this discussion is primarily concerned 
is in the application of the chill and wedge tests to 
the control of the quality of gray iron. A second 
classification would include the production of various 
types of castings in which a portion of the surface is 
to be chilled to a specified depth and the balance of 
the casting is gray iron. Examples of castings in this 
application are automotive tappets, rollers, chilled 
car wheels, chilled iron rolls, and castings to resist 
abrasion. Quite often, chill tests for this application 
are highly specialized and in the case of an automo- 
tive tappet or other small casting, the casting is often 
the test piece. Whatever test piece is used, it is highly 
important that the depth of chill on the test piece be 
the same as that on the casting or bear a very close 
relation to it. A third classification which is somewhat 
limited is found in the production of white iron cast- 
ings. In this application, a test piece which may be 
a wedge is cast to determine whether the metal is 
suitable for making a casting free of primary graphite. 

The applications of the chill and wedge test to the 
control of the quality of gray iron may be roughly 
subdivided into three groups. The three groups are 
closely related and differ from each other principally 
in the extent to which the tests are used. In the first 
group and the simplest application, the tests are 
merely used to indicate the suitability of the iron for 
the type of castings being made. The primary aim is 
to ensure production of castings free of chilled or hard 
edges in fairly light sections. If the chill is high, the 
iron is used for heavier castings. No particular attempt 
is made to change the chilling tendency of the iron 
through ladle additions. 

Applications of the chill and wedge tests in the 
second group are possibly more numerous than in the 
other two groups. In this group, the chill or wedge 
test is used to determine the quality of the iron, as in 
the first group, but in addition either graphitizers or 
carbide stabilizers are added to the ladle to produce 
an iron of more uniform chilling tendencies. Such 
corrective measures do not guarantee an iron of con- 
stant properties but do however bring the properties 
within closer limits than would be the case if the 
corrective measures had not been taken. It is errone- 
ous to assume that irons showing the same chilling 
tendencies as a result of ladle additions will have 
identical mechanical properties. 

The application of the chill and wedge tests in the 
third group is a very important and specialized one. 


CHILL TESTS AND THE METALLURGY OF GRAY IRON 


In the production of high-strength processed irons 
through ladle inoculation of a properly melted base 
iron, chill and wedge tests, most frequently the latter, 
are indispensable. Since some of the higher strength 
irons produced by this method have a rather high 
chilling tendency as-melted, the wedge test is bette: 
adapted to this application than the chill test. Con- 
siderable experience is needed to fully utilize the 
information obtained from tests for this application. 


Work of A.F.S. Chill Test Committee 


Survey of Chill Test Practices—During the past 
years, this Committee has made a survey of various 
types of chill and wedge tests in use with the thought 
in mind of establishing some standard sizes and 
Shapes. Virtually each foundryman using a chill o1 
wedge test developed one which suited his needs with- 
out giving any thought of correlating his information 
with that obtained by another foundryman. The 
Committee felt that it would be helpful to have some 
degree of standardization of these test pieces for the 
benefit of foundries who are not using such tests as 
well as to provide for more ready transfer of informa- 
tion among gray iron foundrymen. In practically all 
cases, standardized design of chill or wedge tests could 
be adopted without any difficulty. 

It was found that the various types of chill and 
wedge tests in use could be divided roughly into thre« 
groups. Tests in the first two groups were used pri- 
marily as a means of evaluating the chilliag tendency 
of the iron. These tests were either of the type cast 
against a chill plate or the wedge type in which the 
chill is induced by progressively decreasing the thick- 
ness of the casting. A third type of test piece had an 
enlarged section which in some cases was tested for 
Brinell hardness and in other cases the fracture was 
examined for the grain structure. 
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Fig. 1—Representative types of chill tests used by gray 
tron foundries. 
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D. E. KRAUSE 


The Chill Tests—Test pieces cast against a chill were 
found to be of many shapes and sizes. Some of the 
tests were cast with the chill plate horizontal and the 
core resting on the plate while others were cast with 
the chill plate in a vertical plane. The chill plates of 
gray iron, steel, copper, or graphite, gave satisfactory 
results. 

Examples of representative chill test types are shown 
in Fig. 1. Types (A) and (B) are used for a soft, 
hypereutectic iron having a very low tendency to chill 
such as piston ring iron. Type (B) is used with a 
water-cooled chill plate. Type (C) chill tests are 
widely used in production foundries where tests are 
poured at very close intervals. The chill plates are 
often water cooled. The same type of test piece is 
sometimes cast in separate cores. Type (D) chill test 
is most frequently used in jobbing shops and is made 
in a range of sizes to suit various types of iron. A 
small pouring basin or button is provided at one end 
of the test piece to avoid pouring iron directly onto 
the chill. 

Wedge Tests—Wedge tests are most frequently cast 
in individual cores although gang cores are also used. 
Most wedges are cast vertically although a few found- 
ries cast wedges in the horizontal position. Repre- 
sentative examples of these wedges are shown in Fig. 
2. Although the ratio of the width of the base of the 
wedge to the height is varied, a ratio giving an angle 
of approximately 30 degrees is most frequently used. 
The wedge poured horizontally is used to a very lim- 
ited extent. 

Special Chill Tests—Quite often a chill test piece is 
designed to include a heavier section which may be 
tested for Brinell hardness or the fracture examined 
for grain structure. Such test pieces give an indication 
of the grain structure of the iron in heavier sections. 




































































| 
(A) (B) 


Poured Vertically Poured Horizontally 


Ratio of base (a) to height (2a) of wedge and to 
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frequently. Dimension (a) will vary from % inch 
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Fig. 2—Representative types of wedge test pieces. 
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Fig. 3—Representative chill test of the keyhole type. 


An example of such a test, often called a keyhole 
test piece, as used in a large automotive foundry for 
cylinder block work is shown in Fig. 3. This test piece 
is often used in conjunction with a wedge test. The 
wedge test is used as a rapid means of checking the 
iron and the keyhole test piece may be used at less 
frequent intervals as a check on the general structure 
of the iron. A record is usually made of the depth of 
chill on the keyhole test piece while the results of the 
wedge test are used as a guide and may not be re- 
corded. 


Chill and Wedge Tests 


As a result of reviewing control tests for gray iron, 
Sub-Committee T.S. 6 of the Technical Council of the 
Institute of British Foundrymen developed recom- 
mendations for chill and wedge tests. The series of 
wedge tests shown in Fig. 4 was developed. The reason 
given for making the angle at the apex of the wedge 
sharper as the wedge becomes larger was to obtain the 
same degree of chill on wedges of various sizes for 
the same iron. The amount of chill is determined by 
measuring the width of the wedge in millimeters at 
the junction of the white iron zone and the gray zone 
of the wedge. 

The reason for the relatively large number. of 
wedges is that as small a wedge as possible for a given 
iron may be selected, thus taking advantage of the 
rapidity of the test. The wedge must not be so small, 
however, that the chill exceeds one-half the width of 
the base. 

It was found that for soft irons having a very low 
tendency to chill a test piece cast against a chill was 
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Fig. 4—Dimensions of wedge test pieces recommended 
by Sub-Committee T. S. 6, Technical Council, I.B.F. 
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Fig. 5—Chill test pieces recommended by Sub-Com- 
mittee T. S. 6, Technical Council, I.B.F. 


more satisfactory than the wedge. Recommended di- 
mensions for a chill test piece are shown in Fig. 5. A 
series of tests was made to determine the relation 
between the chill in the wedge and chill tests. The 
results indicated that the depth of chill on the chill 
test was approximately double the wedge value on the 
wedge test. It will be shown later that this relation 
may vary with the chilling tendency of the iron. 


Development of Standard Wedge Tests 


Discussion by members of the A.F.S. Chill Test 
Committee of the relative merits of chill tests using a 
chill plate and wedge tests made without such a plate 
led to the conclusion that the wedge test would be 
preferable. Inspection of a large number of chill test 
practices revealed considerable carelessness on the part 
of the operator in keeping the chill test plate in satis- 
factory condition. Unless the test plate is kept free of 
scale, dirt, and burned core oil, a low chill value will 
be obtained. The use of a wedge test would eliminate 
this variable in measuring the chill-forming tenden- 
cies of gray iron. 

The A.F.S. Chill Test Committee in reviewing the 
various designs for test wedges felt that the wedge test 





might be made suitable for the softer irons by making 
the angle at the apex of the smaller wedges mor< 
acute than for the larger wedges. It was known that 
the more common wedge designs with a wedge angle 
of about 30 degrees made it difficult to measure the 
very low chills obtained for the softer irons. It was 
also felt desirable for the initial work to use as few 
wedge sizes as possible. Although five wedges were 
originally considered, these were subsequently reduced 
to four. The dimensions of the four wedges unde: 
consideration are shown in Fig. 6. The fifth wedg: 
had dimensions intermediate between the largest (W4) 
and second largest (W3) of the present series of four 
wedges. It should be noted that the angle of the 
wedge becomes more blunt as the size of the wedge in- 
creases. This is directly opposed to the principle fol- 
lowed by the Institute of British Foundrymen. 
Fractures of the four A.F.S. Chill Test Committee 
wedges together with a fracture of a chill test from the 
same ladle of iron are shown in Fig. 7. The influence 
of wedge test size and design on the amount of chill 
is quite evident. Although not too apparent from the 
illustration, the depth of chill from the edge of the 
wedge for the two smaller wedges is about the same 
as the depth of chill on the chill test. The three 
smaller wedges have a very small radius at the chilled 
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Fig. 6—Test wedges under investigation by A.F.S. Chill 
Test Committee. 





Fig. 7—Fractures of four A.F.S. Chill Test Commit- 
tees wedges and a chill test showing method of mea- 
suring chill. 
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edge. Through an error in the drawings for the largest 
wedge (W4) shown in Fig. 7, it has a much larger 
radius at the apex than intended. The rather large 
radius may account for the absence of even a small 
amount of chill. 

Wedge tests with fairly sharp edges and with rather 
small included angles often have an irregular edge as 
shown in Fig. 8. This tendency was pronounced for 
the W1 and W2 wedges but not evident in the W3 
wedge. The irregular edge is more likely a result of 
the small included angle and sharpness of the edge 
rather than the small size of the wedge. Because of 
the possibility of sand grains sticking in the sharp 
edge of the test core and the test piece having an 
irregular edge by virtue of not filling out, the Com- 
mittee felt it desirable to express the chill in 1%» in. 
measured across the wedge at the junction of the 
chilled area and the gray area. The method of meas- 
urement is shown in Fig. 7. This measurement will 
be termed “‘wedge value.” 

The four wedge designs under investigation by the 
A.F.S. Chill Test Committee as shown in Figs. 6 and 7 
may require some modification in order to avoid the 
irregular edges. This is particularly true of the two 
smaller wedges W1 and W2. 


Results Obtained with A.F.S. Chill Test Committee 
Wedge Tests 

Wedge test pieces of the design described were cast 
together with chill test pieces from various grades of 
iron to determine the relation between the amount 
of chill and the design of the test piece. The relation 
of the depth of chill on a chill test piece of 3%-in. 
thickness and the wedge value obtained with the first 
three wedges for 22 tests are shown in Fig. 9. Al- 
though the relation is an approximate one only, the 
depth of chill on a chill test is about 3.3 times the 
wedge value. The relation of the chill of the W1 and 
W2 wedges to that on the W3 wedge is shown in Fig. 





lig. 8—Irregular edges often found in the WI and 
W2 A.F.S. Chill Test Committee wedges. 
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Fig. 9—Relation of depth of chill on chill test to chill 
on wedges W1, W2, and W3. 
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Fig. 10—Relation of chill on W3 wedge test to chill 
on W1 and W2 wedges. 


10. For some reason which is obscure at the present 
time, the W2 wedge generally shows a higher wedge 
value than the WI and W3 wedges for the same iron 
as indicated in Fig. 10. The irons from which the 
data in Figs. 9 and 10 were obtained came from a 
variety of sources and varied in carbon content from 
3.10 to 4.07 per cent and in silicon content from 0.93 
to 2.50 per cent. All of the irons were melted in a 
cupola and most of them were unalloyed. Some irons 
were inoculated and others were not. 

Results based on a large number of tests of iron 
used for small castings indicate that the ratio of depth 
of chill in a chill test piece to the chill in a wedge 
varies with the chilling tendency of the iron. The rela- 
tion between the two types of tests is shown in Table |. 


Procedure for Making Chill and Wedge Tests 


Good practice is required if dependable informa- 
tion from chill and wedge tests is to be obtained con- 
sistently. A satisfactory practice is easy to acquire 
and the results are worth the little extra attention 
given to various details in making these tests. 
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TasiteE I1—RELATION OF DEPTH OF CHILL IN CHILL 
Test Prece To CHILL IN WebDGE TEsT PIECE.* 





Ratio of depth of 


Depth of chill 
chill in chill test 


in chill test,* 


Chill in wedge 
test piece,** 


Vo in. igo in. piece to wedge value 
2 2.0 1.0 
4 27 1.5 
6 3.2 19 
8 3.7 2.2 
10 4.2 2.4 
12 4.6 2.6 
14 5.1 2.7 


* Chill test piece 5-in. thick and 3 in. long on chilled face. 

** Wedge dimensions, 74,-in. base, 74-in. height, and 3 in. long. 
Wedge chill is measured as width at the junction of the 
chilled and gray zones. 





Selection of Test Piece Size—One of the inherent 
advantages of the chill and wedge tests for control 
purposes is the quickness with which the test may be 
performed. To retain this desirable feature of the 
test, it is desirable to use the smallest size test piece 
possible consistent with reliability. The use of too 
small a test piece for the chilling characteristics of 
the iron will result in erratic values. If the test piece 
is too small, only a white and a mottled zone will be 
obtained whereas a definite gray zone is desired. 

Based on the experience in about 20 foundries 
melting iron over a wide range in composition, the 
series of chill test pieces shown in Fig. 11 was de- 
veloped. It was found that it was desirable with this 
type of chill test to select a thickness of test piece 
which would be within the limits of one-half to twice 
the depth of chill. If the depth of chill was less than 
one-half the thickness of the test piece, too large a 
test piece for the type of iron being tested was used 
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Fig. 11—Suggested dimensions for Type C chill test. 
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with a subsequent sacrifice in speed of testing. If th 
depth of chill exceeded twice the thickness of the tes 
piece, the depth of chill became erratic and the lin 
of demarcation between the gray and white areas o 
the fracture became less distinct. 

In selecting a wedge test piece, the smallest tes: 
piece adaptable to the type of iron being melted 
should be used. The chill on a wedge type of tes: 
piece should not exceed one-half the width of th 
base. This is illustrated in Figs. 4 and 6. For meta)- 
lurgical control of gray irons having a chill on the 
wedge consistently less than 3, in., the chill type of 
test piece would be more suitable. For irons having 
wedge chill values consistently in excess of 45 in., the 
wedge test would be preferable to the chill test as a 
smaller test piece could be used with corresponding 
increase in speed of testing. 


Test Piece Cores—Although the chill or wedge tests 
could be poured in green sand molds, thq use of cores 
is preferred. Dietert and Woodliff* found the prop- 
erties of green sand to have an appreciable effect on 
the depth of chill of gray iron and for this reason a 
dry sand core would be preferred to a green sand 
mold. As chill and wedge tests become smaller, a 
finer core sand should be used. Cores should be well 
baked and an excess of binder avoided. The core foi 
a single test piece need not extend more than 34 in. 
on all sides of the test piece for the smaller pieces and 
1 in. for the larger pieces. 


Chill Plates——-Clean chill test plates are very im- 
portant if dependable results are to be obtained from 
a chill test. Selection of the chill plate material de- 
pends somewhat on the type of application. Gray 
iron, steel, copper, or graphite will give satisfactory 
results if properly used. Graphite has the advantage 
of resisting “burning-in” when a test is poured rather 
hot. It also has a lesser tendency to pick up burned 
core oil deposits than the metal plates. If chill tests 
are not poured any more frequently than one in 10 
minutes, water cooling is not necessary. Several plates 
can be provided and used in rotation which will pre- 
vent them from being overheated. 

The temperature of the chill plate has compara- 
tively little effect on the depth of chill for plate 
temperatures up to approximately 500 F. The tend- 
ency for the test pieces to burn onto the chill plate 
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Fig. 12—Influence of chill plate temperature on depth 
of chill of 3f-tn. thick test piece. 
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increases however, with an increase in plate tempera- 
ture. The influence of chill plate temperature on 
depth of chill is shown in Fig, 12. A test was poured 
on a plate at room temperature at the start and end 
ot each series. This procedure accounts for the two 
tests at plate temperatures of 80 F. 

Water cooling may be used with either horizontal or 
vertical chill test plates. When water cooling is used, 
it is more desirable to use a water reservoir than cir- 
culating water. The use of circulating water for cool- 
ing, particularly in summer, may reduce the tempera- 
ture of the plate below the dew point of the air and 
dificulty with moisture condensing on the plate will 
be experienced. Sand and other loose material will 
stick to the wet plate causing a low chill. 

Metal chill test plates must be kept clean. Con- 
densed core oil can be removed quite easily with 
coarse steel wool if it is done immediately after the 
test piece is poured. If the plate becomes fire checked, 
it should be machined off or replaced. 


Sampling Ladles and Sampling Practice 


A clean sampling ladle of proper construction is 
just as important as other details of chill testing tech- 
nique. For sampling of an iron with a low chilling 
tendency using a small test piece, a malleable iron 
melting ladle coated with a thin layer of fireclay or 
other refractory will prove satisfactory. With a little 
skill and dexterity, no difficulty will be experienced 
in cutting out a sample from the stream of iron from 
the cupola spout. This method of obtaining a sample 
as practiced in a piston ring foundry is shown in Fig. 
13. The use of a thinly-lined melting ladle as illus- 
trated is not suitable for obtaining larger samples of 





(Courtesy of Muskegon Piston Ring Co., Sparta, Mich.) 


Fig. 13—Method of obtaining sample of iron for chill 
test from stream of iron. 
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a harder iron. 

For pouring larger wedge and chill tests, a small 
ladle made of a piece*of 4 to 5-in. diameter steel tub- 
ing about 5 in. long with a bottom welded-in and a 
section of 34-in. pipe welded-on for a handle and 
lined with Y% to Y% in. of a good refractory works 
very well. The use of a 50-lb hand ladle to catch a 
very small quantity of iron for a chill or wedge test 
is generally not satisfactory as the iron cools off too 
quickly. A sampling ladle should not be used when 
it has a skull or heel of solid iron in it. The ladle 
should also be free of scale and small oxidized pieces 
of iron. 

The technique of cutting a sample out of a stream 
of iron can be applied to any size cupola. If a lined 
steel ladle as described above is used, it is important 
that the lining at the top edge be brought to a fairly 
sharp rim to avoid splashing when the ladle is held 
in the edge of the stream of iron. No difficulty will be 
experienced in getting a sample if the ladle is held at 
either edge of the stream rather than on the top or 
bottom of the stream. 

A sample of iron for the chill test is often obtained 
by dipping it out of a large ladle. If this is done, the 
sampling ladle should be periodically dipped in a 
coating of blacking to protect the steel from the 
molten iron. Since iron in the ladle is frequently 
sampled after a ladle addition, it is important that 
the sample obtained be representative of the iron in 
the ladle. Unless inoculants go into solution thor- 
oughly, there is*apt to be a concentration of silicon 
in the iron at the top of the ladle. The iron should 
either be stirred in the ladle or the sampling ladle 
dipped far enough below the surface to get a repre- 
sentative sample. 

Sampling of the stream of iron at the spout must 
be done with care in order to obtain a representa- 
tive sample. The easiest sample to get is one from a 
continuously-tapped cupola with rear slagging and a 
full well of iron. In such an operation, the iron is 
fairly well mixed as it leaves the spout. For an inter- 
mittent-tap cupola, the sample should probably be 
taken when one-third of the tap has been taken out. 
If the sample is taken too soon, it may show a lower 
chill than representative for the entire tap. It is, of 
course, desirable to obtain a sample as soon as pos- 
sible so that if some ladle treatment is necessary, it 
can be made in time. Obtaining a representative 
sample of iron from a front-slagging cupola is rathe1 
difficult. This is particularly true if the charge con- 
tains an appreciable amount of steel and highly con- 
centrated silicon alloys in which case a true sample is 
almost impossible to obtain. A forehearth will, of 
course, smooth out some of the fluctuations in iron 
composition likely to be encountered with a front 
slagging cupola and will aid materially in getting a 
representative sample. 


Pouring and Cooling of Test Piece 


Although normal variations in pouring tempera- 
ture do not markedly affect the depth of chill, ex- 
tremes in pouring temperature should be avoided. 
If the iron being sampled is about 2800 F, the iron 
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should be allowed to cool to 2650 to 2500 F or there- 
abouts before pouring the test piece. Low carbon 
equivalent irons are more serisitive to low-pouring 
temperature than softer irons. 

If the principal interest is in the depth of chill, it 
is possible to quench the test piece in water as soon 
as it is solid. If the test piece is quenched too soon, 
the interior of the test piece may be still liquid and 
the quenched piece may show spots of white iron in 
the center of the specimen. If the test piece is 
quenched in water as soon as it is fully solid, the frac- 
ture of the test piece will have a lighter color than if 
it was allowed to cool in the core to below approxi- 
mately 1300 F. The depth of chill is not affected by 
quenching from a high temperature. The appearance 
of test pieces quenched in water as compared with 
similar test pieces allowed to cool in the core is shown 
in Fig. 14. The left piece of each pair was water 
quenched from about 1700 to 1800 F while the right 
one was left to cool in the core. The few light-colored 
spots in the chill test at the very left of Fig. 14 are 
white iron areas resulting from quenching too soon. 





Fig. 14—Effect of water quenching of chill and wedge 
test pieces on appearance of the fracture. Left piece 
of each pair was quenched from about 1700 F. Right 
piece of each pair was allowed to cool in the core. 


T.C.—3.39%; Si—1.74%. 


If time is an important factor, water quenching 
should be used, and again, the smallest test piece 
suitable for the type of iron being tested should be 
selected. 


Measurement of Chill 


The amount of chill whether measured as depth 
on a chill test piece or as the width of the wedge at 
the junction of the chilled zone with the gray zone 
should be expressed in 44,-in. Some irons do not 
have a very sharp demarcation between the gray area 
and the white area. The intermediate mottled area 
varies considerably in appearance and amount, Where 
a fairly broad mottled zone is obtained, the depth of 
chill is sometimes measured to the point where only 
a few gray spots are evident. In other cases, two 
measurements are made. The first measurement being 
made to the first gray speck in the chill and is termed 
clear chill while the second measurement is made to 
the last white speck in the gray part of the fracture. 


Relation of Chilling Tendency to Metallurgy of the Iron 


The amount of chill in the test piece is directly re- 
lated to the tendency to freeze white. Since composi- 
tion of the iron is only one of the factors which influ- 
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ences the carbide forming tendency of the iron, the 
relation between the amount of chill and the com- 
position is not necessarily close. Other factors which 
affect the carbide forming tendency of the iron are: 
nature of the materials which make up the charg, 
melting conditions, ladle treatment, and cooling rate. 
In foundry practice, cooling rate is related to section 
size. The chill test and the wedge test introduce a vaii- 
able cooling rate through the design of the test pieces. 

In the chill test, the cooling rate is greatest at the 
chill plate face of the test piece and gradually becomes 
less as the distance from the chill plate increases. In 
the wedge test, the variable cooling rate is obtained 
through a continuously increasing section size from 
the apex of the wedge to its base. The cooling rate is 
therefore highest at the apex of the wedge and gradu- 
ally decreases as the distance from the apex of the 
wedge is increased. The cooling rate at the junction 
of the white iron zone and the gray iron zone is that 
rate which is just sufficient to counteract the graphi- 
tizing forces in the iron. This cooling rate may be 
termed a critical cooling rate as faster rates will re- 
sult in the formation of white iron while slower cool- 
ing rates will result in gray iron. 


Effect of Composition of Iron on Amount of Chill 


Although the composition of the iron is only one 
of the factors which affects the carbide forming ten- 
dency of the iron, it is an important one. If the other 
factors are fairly well controlled, the relation between 
composition and amount of chill is fairly good. Car- 
bon and silicon are two of the more important ele- 
ments in gray iron and are present in the largest 
amounts. The amount of these elements present has 
considerable influence on the mechanical properties of 


‘the iron as well as on the amount of chill observed in 


a chill or wedge test piece. 

A number of investigators have reported the effect 
of silicon and carbon on the chilling tendency of gray 
iron. The effect of silicon content of gray iron melted 
in an induction furnace under closely controlled con- 
ditions on the depth of chill as reported by Burgess 
and Bishop® is shown in Fig. 15. The marked effect 
of silicon on depth of chill, particularly for the lower 
carbon irons is quite evident. The reduction in depth 
of chill effected through a late addition of 0.25 pei 
cent silicon-manganese-zirconium alloy to a 3.05 per 
cent carbon iron containing 1.5 per cent silicon is as 
great as an increase of 0.6 per cent silicon in the 
charge. The inoculated iron also shows a lesser change 
in depth of chill with changes in silicon content than 
does the base iron. The influence of carbon on depth 
of chill may also be determined from Fig. 15. It 
should be noted that the effect of carbon on the depth 
of chill varies with the silicon content, at low-silicon 
contents the influence of carbon on depth of chill is 
much greater than at higher-silicon contents. 


Since the effects of silicon and carbon are similar 
in regard to their influence on the chilling tendency 
of gray iron, the expression, carbon equivalent (car- 
bon plus 1% silicon) may be used to combine the ef- 
fect of the two elements if the ratio of carbon to 
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silicon remains within certain limits. It has been 
found that irons with a high carbon to silicon ratio 
usually show a greater chilling tendency than irons 
with a lower ratio of carbon to silicon for the same 
carbon equivalent. Irons with rather high carbon to 
silicon ratios have a tendency to show an inverse 
chill. An example of such a chill is shown in Fig. 16. 

In addition to carbon affecting the depth of chill, 
it also affects the appearance of the chilled zone as 
well as the gray zone. High carbon irons often de- 
velop a coarse columnar structure in the chilled area 
whereas lower carbon irons have a finer chill struc- 
ture. The gray area also becomes progressively darker 
as the carbon is increased. If the carbon. content ex- 
ceeds the limit of solubility, kish may be formed. 
The presence of kish is usually evident on the out- 
side of the test piece as well as in the fracture and an 
example of such an iron is shown in Fig. 17. Al- 
though very soft irons usually show some chilling 
tendency, inoculation of such irons can produce an 
iron without any chilling tendency as shown in the 
center fracture of Fig. 17. 

The relation between the carbon equivalent of iron 
and the chilling tendency becomes better as other fac- 
tors are more closely controlled. The data plotted in 
Fig. 18 were obtained from irons melted in an experi- 
mental cupola with identical melting stock for all the 
irons. The data represent 10 different melting condi- 
tions. The variation in carbon equivalent came 
through changes in blast temperature, blast moisture, 
and coke properties. If the chill test values for any 
one particular set of the operating conditions are 
averaged, the relation between carbon equivalent and 
depth of chill is considerably better as shown in Fig. 
19. The greater range for the values in Fig. 18 could 
be attributed to minor changes in melting conditions. 


Effect of Other Elements on the Chilling Tendency 
of Gray Iron 


Although the cupola operator is most concerned 
with the control of the carbon and silicon content of 
the iron through the use of chill and wedge tests, 
other elements do affect the chilling tendency of gray 
iron. A discussion of elements which reduce the 
chilling tendency and elements which increase the 
depth of chill in gray iron may be found in the A.F.S. 
Cast MeTAts HANbBOOK.® For convenience, elements 
which either reduce or increase the depth of chill 
when present in amounts likely to be found in gray 
iron are as follows: 





Reduce depth of chill Increase depth of chill 





Aluminum Tellurium 
Titanium Chromium 
Silicon Antimony 
Nickel Bismuth 
Copper Sulphur 
Cobalt Selenium 
Phosphorus Tin 
Zirconium Molybdenum 
Manganese 
Tungsten 





Under certain melting conditions, some of the ele- 
ments which may normally increase the depth of chill 
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may actually reduce the depth of chill when added in 
small amounts. This is true of sulphur and boron. 
Depending on the sulphur content, an increase in 
manganese may also reduce the depth of chill. 


Influence of Melting Conditions on Depth of Chill 


Two melting conditions which tend to increase the 
depth of chill are superheating and melting under 
oxidizing conditions. The effect of superheating on 
the depth of chill is especially marked when melting 
in an induction furnace where contact with hot coke 
is absent. Massari and Lindsay‘ reported an increase 
in chilling tendency in a car wheel iron as the melt- 
ing temperature was increased. Gray irons of higher 
silicon content are similarly affected. 

Any change in melting practice which tends to 
make conditions more oxidizing will result in an in- 
crease in chill. Irons melted under strongly oxidizing 
atmospheres or slags will tend to show in addition to 
a greater depth of chill, a coarser mottled zone and 
may also show a rather sooty fracture in the gray zone 
of the test piece. Such irons will have lower strength 
and toughness than expected from the chemical com- 
position. Such irons are also markedly benefited by 
inoculation. 

Although an increase in the moisture content of 
the cupola blast was shown by Eash and Smith® and 
Krause and Lownie® to increase the depth of chill, 
the increase could be explained on the basis of a de- 
crease in carbon and silicon content. For the same 
carbon equivalent, there was no consistent trend in 
chilling tendency as the moisture content of the blast 
was varied. 

Under certain oxidizing melting conditions, an 
abnormal chill or inverse chill may be obtained. An 
example of how very high-carbon, low-silicon irons 
may have such a chill is shown in Fig. 15. Zapffe and 
Phebus’ attributed some cases of inverse chill to hy- 
drogen segregation. Auguste Le Thomas" found that 
a high-sulphur content coupled with low-manganese 
content might cause an inverse chill. He reported that 
additions of manganese would correct the condition. 
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Control of Depth of Chill Through Ladle Additions 


Ladle additions to control the chilling tendency of 
the iron are used extensively. The additions normally 
used for reducing the depth of chill are: graphite, 
ferrosilicon, and a number of proprietary graphitizing 
alloys which may contain in addition to more than 
50 per cent silicon one or more of the following ele- 
ments: aluminum, zirconium, calcium, manganese, 
and titanium. The most common means of increas- 
ing the depth of chill is by ferrochromium additions. 
Quite often, complex iron-chromium alloys are used. 


In regard to the use of graphitizers as ladle addi- 
tions to iron which may show rather wide variations 
in depth of chill as it leaves the spout, it is often 
wrongly assumed that obtaining a uniform depth of 
chill after the addition of varying amounts of graphi- 
tizers will assure an iron of identical properties. Since 
irons having some of their silicon content introduced 
as a late addition will show a lower depth of chill 
than irons melted down to the same silicon content, 
the depth of chill is no longer indicative of the car- 
bon equivalent value of the iron. The use of chrom- 
ium or silicon additions to compensate for minor 
variations in melting practice and analysis is a proper 
and good one. Experience in any one shop may show 
that iron having less than a certain depth of chill as 
it leaves the spout may be too soft for certain types 
of castings. The addition of the proper amount of 
chromium to such an iron will improve the quality of 
the casting. On the other hand, an iron which shows 
a higher than normal amount of chill may result in 
hard edges or corners on some castings and the addi- 
tion of a graphitizing alloy will assure freedom from 
machining difficulties. The use of over 5 lb of alumin- 
um containing inoculant per ton of iron should be 
done cautiously as pinholes or shrinkage defects may 
be encountered. This tendency is more pronounced in 
soft irons. There are instances where even lesser 
amounts of such inoculants may cause difficulties. 


Relation of Depth of Chill to Hardness and 
Tensile Strength 


Since a fair relation exists between chilling ten- 
dency and carbon equivalent providing melting prac- 
tice and ladle practice are fairly uniform and since 
there is a fairly good relation between carbon equival- 
ent and tensile strength, it has been found that there 
is a relation between tensile strength and chilling 
tendency. A similar relation has been found between 
Brinell hardness of gray iron and depth of chill. In 
some cases, the relation is very good while in others 
the relation is quite broad. 


Processed Irons—A special and important applica- 
tion of chill and wedge tests is in the manufacture of 
processed irons. It would be very difficult to produce 
a processed iron of uniform and predictable properties 
without extensive use of either chill or wedge tests. 
Since greatest interest in these irons is in the range of 
50,000 psi tensile strength in 1.2-in. arbitration bars, 
the depth of the chill of the iron as melted is rather 
high so that the wedge test is better suited and more 
widely used than the chill test. One manner in which 
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wedge tests may be used for controlling the properties 
of a processed iron has been described by Smalley and 
Reece.!2 The use of wedge tests for controlling the 
manufacture of processed iron is such a highly spe- 
cialized one that it must be considered outside of the 
scope of this paper. The application should be of 
current interest as it provides a means of producing 
high strength irons without the use of scarce alloys. 


Conclusions 


Chill and wedge tests are among the simplest and 
most economical control tests available to the gray 
iron foundryman. Because of the ease with which the 
test may be made and the rapidity with which the re- 
sults are obtained, the tests should be of special in- 
terest to the operators of smaller foundries. 

Chill and wedge tests are not a substitute for chem- 
ical analysis although they will greatly extend the 
usefulness of chemical analyses. Because the depth of 
chill is influenced by melting conditions as well as 
chemical composition of the iron, the relation be- 
tween the depth of chill and properties of the iron 
must be worked out for each particular melting prac- 
tice. Such a relation can be established in a relatively 
short time and the results obtained are very much 
worth the effort required. 

As in the conduct of any other type of test, good 
testing technique must be established and adhered to 
or otherwise the results will be misleading and of 
relatively little value. 

Chill tests using a chill plate are better adapted 
than wedge tests to the control of the softer irons in 
the range of 4.20 per cent carbon equivalent or over. 
Wedge or chill tests may be used in the range of 4.0 
to 4.2 per cent carbon equivalent while the use of 
wedge tests is much preferred for irons having car- 
bon equivalents of less than 4.0 per cent. 

Chill and wedge tests are a necessity when using 
high percentages of scrap in the cupola charge. Such 
tests will quickly indicate the presence of undesirable 
elements in the iron and often corrective measures can 
be taken at once to make the iron acceptable for use 
in the castings. 
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DISCUSSION 


Chairman: J. L. Brooks, Muskegon Piston Ring Cc , Sparta, 
Mich. 

Co-Chairman: H. H. Wivper, Vanadium Corp. of America, 
Detroit. 

T. E. EAGAN: * The author should be congratulated for pre- 
senting such a good paper. This chill test is a real tool if it is 
used properly, and the author has explained how to use it. 
However, I want to caution you about quenching the wedge 
test in water. What the author said is true, you can quench 
chills of these little wedge bars in water, but be sure to quench 
them slowly because they may otherwise crack and be valueless. 
Also, when you quench them too fast you obtain martensite in 
the upper parts making it hard to read the chill. In quenching, 
take hold of the wedge big side down and immerse only the 
big side in the water, hold it there until the wedge becomes 
black, then quench all over. It takes only a few seconds but it 
makes considerable difference in what you get in your readings. 

C. F. Watton: * The main advantage of the chill test is the 
speed with which it supplies information. However, when ob- 
serving the fractured test piece particularly in a dark corner by 
the cupola it is sometimes difficult to distinguish the extent of 
the white or mottled iron. The ordinary 100-watt yellow insect- 
repellent light bulbs produce a light which makes the “reading” 
of a chill test piece much easier. Similarly, the photography 
of iron fractures is improved in contrast by the use of a yellow 
(k) filter. 

W. F. Boum: * I would like to have the author comment on 
the effect of pouring rate on depth of chill. Anyone who has 
made automotive tappets which are cast against a chill plate, 
chilled at one end, can appreciate the fact that it is possiblé to 
alter the depth of chill 200 or 300 per cent, depending upon 
the actual metal entry into the mold cavity and how the iron 
actually strikes that chill plate. I am referring to the speed and 
the uniformity of pouring, the entry of iron into the mold 
cavity. 

Mr. KRAUsE: In the oral presentation of the paper I inadvert- 
ently skipped over many of the details of chill testing. In 
regards to the chilled plate type, I think anyone who is familiar 
with it has on occasions seen a double chill, i.e., a shallow chill 
with a thin layer of gray iron followed by another chill layer. 
That is often a result of a splash of iron hitting the chill and 
then followed by some more iron. It is quite important in pour- 
ing this type of chill test that it is poured rapidly and uni- 
formly. The chill test cores often have a little pouring basin at 
one end to avoid pouring directly onto the chill plate and 
from this standpoint the vertical chill plate may be better than 
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the horizontal plate. But here again it is desirable not to pou: 
against the chill. You should pour away from it. 

In regard to the pouring temperature, I have sometimes 
found it is quite important and at other times I was unable to 
find a consistent relationship between the depth of chill anc 
pouring temperature. It would nevertheless be desirable to pou 
chill tests at about the same temperature. 

Mr. Boum: I think a casting of the type I was discussing i 
perhaps a little more sensitive than the average chill bar. The 
chill is probably in the order of, say 7% in. and you get th 
anomolous gray. streaks and low chills if you do not pour prop 
erly and have the metal actually entering as fast and symmetri 
cally as you can. In other words, chill formation seems to b« 
very sensitive in some conditions to the manner in which that 
metal comes in contact with that chill. 

Mr. Krause: I think it is impossible to over-emphasize th« 
importance of some of these details. I have seen foundries us« 
chill test ladles with an inch of cold iron in the bottom. That 
gives you very erratic results. A clean chill test ladle is neces 
sary to obtain reliable results from the chill test. And if you 
want to obtain consistent results, then you must also keep the 
cores and chill plates clean. 

J. T. MacKenzie:* The condition of the ladle must also be 
taken into consideration. 

W. R. Moccrince:* The author showed an illustration of 
parallel-sided chill tests which had an inverted chill at the 
middle. Would you consider such a chill which had an inverted 
section, as a representative chill? Would you measure such a 
chill test from the surface to end of the clear chilled section and 
call it representative? We frequently find such conditions in 
3.70-3.50 carbon and 0.70-0.90 silicon cast iron chill tests. 

Mr. Krause: There is no consistent practice that has been 
followed in measuring depth of chill. Some have reported chill 
as so much clear chill or the distance from the chill face to the 
first gray speck, and then to the last white speck. If there is a 
very deeply mottled zone, it is about all you can do. 

In the case of an inverse chill, I do not know how you could 
satisfactorily measure it. This type of chill is obtained quite 
often with low-silicon, high-carbon irons. I do not know how 
to express the measurement. 

Mr. Moccrince: If you design the chill so as to avoid parallel 
sides, does it decrease the tendency to inverted chills in such 
irons? 

Mr. KRAUSE: Sometimes you see a white area in the center of 
a wedge. 

A. A. Evans:® We did some work on the correlation between 
chill depth and average hardness. Did the author do any work 
along that line? 

Mr. KRAUSE: For a given foundry and cupola practice there is 
a fair relationship between the hardness of the casting and depth 
of chill but you can greatly upset that relation by varying the 
ladle treatment. You can divide chill test applications into 
three groups, one of which is merely a selection process. You 
might cast a chill test, break it quickly and if the chill is 
greater than a certain amount, pour heavier castings, and with 
less than a certain amount you can pour the lightest jobs. 

The next step would be to make some alterations of chilling 
tendency by ladle additions, either adding ferrochromium or 
something of that nature to harden the iron, or ferrosilicon or 
some other innoculant to reduce the chill. 

The third application is in the manufacture of processed iron 
which is rather a complex specialized one. We have conducted 
surveys in a large number of foundries, trying to correlate depth 
of chill with Brinell hardness and strength of the iron. Since 
there is a general relationship between the depth of chill and 
carbon equivalent, you will find some relation between tensile 
strength and depth of chill. But it is rather broad. You cannot 
look at any chill test and without knowing something of the 
melting practice, predict the tensile strength from the depth 
of chill. 

Some foundrymen are misled somewhat if they feel they are 
getting uniform tensile strength by obtaining a uniform depth 
of chill through ladle additions of either ferrochromium or 
ferrosilicon. Strength and chilling tendencies are related but 
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e relation can be broad. But the more control you exercise 

melting practice the better the relation becomes between 
chilling tendency and properties of the iron. You can work out 
good relationship in one foundry and then find in the next 
oundry that the relation is too broad to be useful because of 
iadequate control. 

Dr. MACKENZIE: In that connection, I think Dr. Austin’s 
jismuth treatment is one of the best examples I have seen; 
that also goes for the tramp elements. Lead will reduce depth 
of chill on soft iron and increase it on hard iron. It is surprising 
1ow much lead goes into the cupolas these days. 

CO-CHAIRMAN WILDER: Dr. MacKenzie would you care to 
comment on the effect of antimony on depth of chill? 

Dr. MACKENZIE: Spencer and Walding made quite an investi- 
gation of this and reported their finding in A.F.S. TRANSACTIONS 
1932). They added antimony, lead, and combinations of them 
and I am quite sure you will find it changed the chill. It just 
depends upon what kind of iron you happen to be running as 
to which way it will change it. For instance, tin and antimony 
do not affect the strength very much, whereas lead will increase 
the chill and reduce the strength, just like bismuth which, as 
Dr. Austin showed, increases the chill enormously but the 
strength is very much lower and back field of the chill more 
cpen than the one without the bismuth. 

C. D. Sears:® As a matter of interest, we have had better 
luck reading and interpolating chill test blocks using a gage 
made by ourselves. It is simply a lever arrangement giving an 
extended reading. It is graduated in ig in. Ten divisions of 
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leo in. is expanded over about 3 in. Through extensive correla- 
tion we are able to predict casting hardnesses from chill depths. 
So critical is the chill, we have to divide the 1%» in. division into 
four subdivisions. 

We would be glad to send anyone interested a drawing of our 
gage so they might make their own. 

Mr. Krause (Author’s Closure): The author wishes to thank 
Mr. Eagan for his remarks concerning proper procedure in 
quenching of hot test wedges. The suggestions made by Prof. 
Walton should prove very helpful and since they are very 
simple to apply they should be tried. The suggestion to round 
off the back of the wedge test piece should increase the utility 
of the wedge test. 

The description of a simple device for measuring the chill on 
a wedge piece by Mr. Sears is much appreciated as anything 
that can be done to simplify measurement of the chill and 
reduce chances of error is a worthwhile contribution to the art. 

Chill and wedge tests are so relatively simple and inexpensively 
made that many foundrymen have developed designs to meet 
their own needs. Standardized designs would meet their needs 
as well and in addition would allow interchange of information 
with other foundrymen. Many foundrymen have undoubtedly 
developed unique practices or devices for measuring depth of 
chill which would be of considerable interest to the A.F.S. 
Chill Test Committee and other gray iron foundrymen. These 
foundrymen may think their ideas too simple to be of any inter- 
est to others but it is only through sending in such ideas to 
the A.F.S. Chill Test Committee that rapid progress can be 
made. Your comments and suggestions are therefore very much 
appreciated. 



















FATIGUE DATA SUMMARY 


Report No. 2 


M. E. Annich* 


ABSTRACT 


This report is an interpretation of data on fatigue factor 


values used by the Foundry Industry in its production opera- 
tions. The A.F.S. Timestudy and Methods Committee circulated 
a questionnaire in the Foundry Industry and compiled the re- 
quired data herein presented. 


THIS REPORT is a presentation of several special 
methods of determining fatigue allowances to be used 
on various operations in the foundry. These special 
methods were reported to the American Foundry- 
men’s Society Time Study and Methods Committee 
in answer to a questionaire circulated among Society 
members during the iatter part of 1949. 

Report No. 1, presented in 1950 at the Cleveland 
Convention was an attempt to summarize and pre- 
sent fatigue values used in plants of reporting mem- 
bers in which fatigue is applied on an overall rather 
than an elemental basis. 


1. Overall Basis 


The following special method of determining fa- 
tigue allowances on an overall basis by a point rating 
system similar to that used in job evaluation, was 
previously presented in the November 1948 issue of 
the AMERICAN FOUNDRYMAN. Its author is John R. 
Wailey, Supervisor of Standards of the Ohio Steel 
Foundry Co., Springfield, Ohio. 

This method is again presented here because, al- 
though it may be subject to some question as to the 
coverage of the factors used or the values assigned to 
these factors, it is a step in the right direction in 
approaching the problem of fatigue allowances more 
analytically and objectively, and, as the author states, 
“taking the guesswork out of Fatigue Allowances.” 

The complete article, just as it appeared in AMERI- 
CAN FOUNDRYMAN follows: 


* Supt. of Standards, American Brake Shoe Co., Mahwah, N. J. 

This is a report of the Timestudy and Methods Committee of 
the American Foundrymen’s Society. Personnel of this Commit- 
tee are as follows: E. G. Tetzlaff, Chairman, M. E. Annich, 
Roy Diffenbaugh, J. J. Farkas, Wally E. George, H. Reitinger, 
M. T. Sell, Dean Van Order, Jeff Alan Westover and H. R. 
Williams. 





“FATIGUE ALLOWANCE granted to employees in 
compensation for lost time, due to physical tiredness, 
is a controversial subject among industrial engineers, 
and a source of ridicule and grievance among workers. 
This situation is further aggravated by the fact that 
many fatigue allowances have been established arbi- 
trarily, with no basis for substantiation. 

It is no longer necessary to guess at what a fatigue 
allowance should be for a certain occupation. The pro- 
cedures used in point plan job evaluation can be car- 
ried over to the appraisal of the various fatigue factors 
within an occupation. All the benefits usually ascribed 
to improving rate alignment apply to fatigue allow- 
ances. The allowances can be considered fair and 
equitable for they have a reasonable and logical basis, 
and they can be explained in a manner that most 
workers appreciate. 

When establishing a basis for fatigue allowances, it 
is a sound plan to appoint a committee of six at the 
start. One member should be responsible tor gather- 
ing data, and the other members should assist in 
evaluating fatigue content. The opinions of a group 
are better than those of one man. 

The first job of the committee is to select a series of 
not less than eight (8) key jobs within the foundry. 
The key jobs should include what is considered the 
most fatiguing and the least fatiguing occupations to 
which fatigue allowances will be applied; then be- 
tween the extremes will be a number of occupations 
with varying fatigue content. The committee should 
appraise the list of key jobs and place them in rank 
order. 

A representative key job list, ranked with the occu- 
pation having highest fatigue content first, might be 
as follows: 


1. Squeezer molder operator, large work. 

2. Chipping, large castings. 

3. Flogging heads. 

4. Swing grinding. 

5. Stand grinding. 

6. Squeezér molder operator, medium work. 
7. Burn-off man, small castings. 

8. Bench coremaker. 


The committee should then determine wlhiat factors 
cause fatigue within the key occupations. Foundry 
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CHaArr 1—FATIGUE 





I. STRENGTH 


A measure of the heaviest weight which must be lifted 
by an employee during his regular work. Where a hoist 
is used, the next heaviest object must be considered. 

1. Over 150 Ib. 
2. 100 to 149 Ib. 
3. 75 to 99 Ib. 
4. 30 to 74 Ib. 
5. To 29 lb. 


« 


II. MonoTony 

Refers to the repetitiveness of work without changes 
in job. 

1. Only one job a day, no changes. 

2. More than one job, but not over four per dav. 
. Usually four to eight different jobs. 
. Generally eight to 15 jobs a day. 
. More than 15 jobs per day. 


St Cor 


III. MENTAL STRAIN 

A measure of the employee's alertness due to danger, 
and the attendant nervous and mental strain. The re- 
quired use of safety equipment is a guide to danger within 
an occupation. 

1. Must use goggles and leggings during entire work 
cycle. 

2. Must use goggles during entire work cycle. 

3. Must use goggles, gloves, leggings, or other equip- 
ment during part of work cycle. 

4. Must use protective equipment occasionally. 

5. Never needs protective equipment on regular job. 





APPRAISAL CHART 


IV. Units HANDLED 


\ measure of the units handled over a full working day, 
based on the average number of units per man. 

1. 409 units and over. 

2. 190 to 408 units. 

3. 88 to 189 units. 

1. 41 to 87 units. 

5. To 40 units. 


V. NOISE 


\ reference to the volume and frequency of sounds due 
to equipment which is used by the employee on the job. 

1. Constant loud noise, with very little relief. 

2. Loud, shattering noise most of the time, but with 
some relief. 

3. Some type of noise on the job, but not loud or 
shattering. 

t. Loud, shattering noise intermittently. 

5. Very little noise. 


VI. Dirt 

The amount of dirt to which employee is subjected 
over a full day’s work. 

1. Covers clothes and body. Dirt is of a clinging 
nature, and cannot be brushed off. 

2. Covers face or hands mostly. Clings. 

3. Nuisance dirt on clothes, face, or hands, but which 
can be brushed off easily. 

4. Generally on hands only. 

5. Very little dirt encountered. 





work indicates a number of factors such as strength, 
monotony, mental strain, units handled, noise, and 
dirt. Other factors and other names for the same fac- 
tors may be used; however, the important thing is that 
a clear-cut distinction exists between each factor. A 
degree of each factor should exist in each occupation. 

Fatigue factors must be clearly defined. Each mem- 
ber of the rating committee should understand the 
definitions. Further, five degrees of each factor should 
be established so that it will be possible to tell which 
degree exists in an occupation. A sample set of defined 
factors and degrees may be seen in Chart 1. 

The rating committee member who gathers infor- 
mation concerning occupations should have a simple 
form for making notes. In collecting his information, 
he can then look for the specific information needed. 
After appraisal of fatigue content, another one of the 
same forms can be used for the permanent file copy. 
All reasons for designating a certain degree of a factor, 
to a specific occupation, should be recorded. This in- 
formation is often necessary for substantiating a rat- 
ing, and for rating new occupations for which a fat- 
igue allowance is needed. A form that serves this 
purpose is shown in Chart 2. 

It is now possible for the committee to appraise 
fatigue content on al] jobs which are to have a fatigue 
allowance. The tools are a set of defined factors, with 
varying degrees of the factor, and a write-up of each 
,occupation showing what causes fatigue. It is a simple 
matter for the committee to complete this job phase. 

Next, after appraising the difference in fatigue con- 
tent of the occupations, a cross comparison of degrees 
should be made. The cross comparison is done by list- 








CHART 2—FATIGUE FACTOR WEIGHT APPRAISAL 


i se Ore Departanent..........: _ ere 
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CHART 3—FATIGUE APPRAISAL WEIGHT 


Degree 

Factor ] 2 3 4 5 
Strength ..... . 300 240 180 120 60 
Monotony . 250 200 150 100 50 
Mental Strain. ..150 120 90 60 30 
Units Handled. .150 120 90 60 30 
| rr 80 60 40 20 
Dirt pean 26 ee 40 30 20 10 


CHART 4—PoOINT VALUE—FATIGUE 


ALLOWANCE CORRELATION 
Point Range Per Cent 


900-1000 


33 
810-899 30 
725-809 27 
654-724 24 
587-653 21 
529-586 18 
476-528 15 
428-475 12 
386-427 9 
To 385 6 
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ing occupational titles vertically, and fatigue factors 
horizontally. Then the degree of each factor con- 
tained in an occupation is shown opposite the title 
and below the factor. Each appraisal of a degree 
should be questioned as to how it compares with other 
degrees on other jobs. The cross comparison is an 
overall check on judgment, and affords an opportun- 
ity for revisions when necessary. 

Another job now confronts the committee. Point 
weights must be given to each factor and its degrees. 
The committee should determine which factor causes 
the most fatigue, and which the least. The factor 
which causes the most fatigue should be allowed the 
most points, for example, 900. The 900 points should 
then be broken down into five classes corresponding to 
the five degrees of the factor. The same procedure 
can be used in determining point weight for each fac- 
tor used. It is important that different weight values 
be given the various factors in order to clarify the 
actual difference between fatigue factors, and degrees. 
A sample form is shown in Chart 3. 

The point weights assigned to each degree should 
be marked on the form which shows substantiating in- 
formation. The points per occupation are to be 
totaled. 

Various industrial engineers who are in accord with 
the practice of making an allowance for fatigue state 
that a minimum of 6 per cent should be established. 
The maximum allowance has not been so clearly spe- 
cified. If 33 per cent were determined as the maxi- 
mum, a range from 6 to 33 per cent could be used. 
The range should be established by the committee 
prior to rating. 

Total point values per occupation can be correlated 
with a fatigue allowance by means of a simple chart. 
Then it is necessary only to know the total points in 
order to determine the proper allowance (Chart 4). 

While this method of determining fatigue allow- 
ances is quite lengthy when put into writing, never- 
theless it is simple to explain, and is easily understood 
by workers. Guesswork is not needed in an applica- 
tion of fatigue allowances developed in this manner.”’ 


2. Compromise Method 


Many time study people are averse to using fatigue 

allowances on an overall basis because it is impossible 
to get the accuracy of values between jobs that can 

be obtained by using an elemental method. More- 
over, the elemental method lends itself more readily 
and more logically to any changes in the fatigue al- 
lowance that may be made necessary through a change 
of practice in a job. 

The following brief example of what one foundry 
is doing as a compromise between the overall method 
and the elemental method is presented here. This 
plan recognizes the need for a greater amount of 
fatigue on certain elements, and in varying degrees, 
based on the physical exertion required. 

The same sort of a plan might be followed on other 
operations although this particular one applies only 
to molding operations. 

The writer states his plan briefly, as follows: 

“To the normal basic elemental times is added a 
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minimum of 15 per cent for personal needs and re 
laxation (5 per cent is personal). There may also bx 
added, up to a total of 25 per cent, an extra fatiguc 
allowance gn elements of the operation requiring 
extra physical exertion. These elements are, riddk 
sand, air ram, strike off, and flask carryout.” 

Under Section 5 of this report in which is summa) 
ized elemental fatigue values used by several of the 
reporting members, this same approach to the prob 
lem will be noted where, on certain elements, there 
is a range of values used which vary directly as the 
flask size, weight, etc. 


3. Elemental Basis 


The following method of applying fatigue on a 
purely elemental basis was discussed in “Fatigue Data 
Summary, Report No. 1,” A.F.S. TRANSACTIONS, vol. 
58, p 169 (1950) and is included in this report to 
complete the data. 

This method applies fatigue based on the class of 
motion and the weight handled or force exerted. It 
is a simplified presentation of two almost identical 
methods which were submitted in answer to the ques- 
tionaire. 

In this method, the per cent fatigue allowed for 
two basic movements, Knee to Waist, or Waist to 
Shoulder, are given in Table 1, varying according to 
the weight lifted or force exerted. 


TaslLeE 1—PeR CENT FATIGUE ALLOWED FOR KNEE TO 
WalIst oR WAIST TO SHOULDER MOVEMENT 





Weight Lifted or Per Cent Weight Lifted or Per Cent 





Force Exerted in ‘Fatigue Force Exerted in Fatigue 
Lb. Allowed Lb. Allowed 
0 4.0 60 34.5 
5 35 70 40.5 
10 7.5 80 46.5 
15 9.5 90 52.0 
20 12.0 100 57.5 
30 17.0 110 61.5 
10 22.5 120 65.5 
50 28.5 130 69.0 

140 71.0 





If, however, the elemental movement is different 
from the basic movement, the amount, in per cent, 
by which the basic values must be changed is given 
in Table 2. 


TaBLE 2—MobpIFICATION FAcToR BASED ON THE CLAss 
OF MOTION INVOLVED 


Above 
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130% US% 105% 
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4. Another Elemental Basis Method 


Another method of determining the fatigue allow- 
ance to be applied on an elemental basis was pre- 
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Percent Elemental Fatigue Allowances Used in 4 Plants. 


TABLE 4—ELEMENTAL FATIGUE ALLOWANCES IN MOLDING 
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Each value given indicates use by one plant. 








Small Small 
Machine Machine 
Molding: Molding: 
Squeezer JSS; Medium Large Squeezer JSS; Medium Large 
and Small Jolt Jolt and Small Jolt Jolt 
Element Bench Rollover, Rollover Machine Slirger Llement Bench Rollover, Rollover Machine Slinger 
Etc. Etc. 
\djust Pins 5 Prepare Floor for Pattern Board 10 
\ir Blow Cope or Drag 5 5 10 Push Mold & Car Across 
\ir Blow Pattern 5 Gangway 25 
\ssemble Flask Push Mold Down Conveyor 10 
& Pattern 10 10 5 
Board (Squeeze) 5 
On; Off 5 5 Raise Table for Draw 5 
Carryout Ram (Hand) 15 
(not Mechanical) 15 to 35° Ram (Air) 15 15 
20 Rap Pattern 10 
Clamp 10 Ream Sprue 5 5 
Clamp Plate 15 15 5 5 
Clamp Flask to Board 15 Remove Clamps 10 10 
Clamp Drag 15 Remove Flask 8to15' 12° 
Claywash Cope Bars 5 10 15 to 25* 
Clean & Position Plate 10 10 
Close Mold 5 9 17* 
10 to 25? 15 to 25° Remove Sprues & Risers 5 10 15 15 
15 20°" 5 
Cut Sprue 5 9 10 
Cope; Drag on Match 5 Return to machine 5 5 
Cope; Drag on Riddle 10 7 
Machine (Manual) 15 to 25* 15 to 25* 15 17 
Cope; Drag on Rollover 15 to 35' 15 to 35' 5 15 10 
Machine or Pattern 20 10 
Board (Crane) 15 15 Sand in-Shove! 
Cope from Machine from Heap 15 17 20 25 30 
to Table 5 2 15 20 
20 to 35* Sand in-From Hoppei 5 
Cut Fillet 5 Set Chaplets 5 7 
Downgates 5 10 5 15 5 
Draw Cope 10 to 25? 15 to 25* 15 Set Chills 5 5 
15 5 15 5 
Draw Match 15 Set Cores (small) 5 7 
Draw Pattern 10 5 5 15 5 
10 5 Set Cores (medium) 9 10 15 15 
10 10 
Draw Spike in—out 5 13 
Hook up Chains & Set Cores (large) 15 15 
Center Crane 10 Set Gate Core 15 
Jolt 5 5 5 10 Set Ramup Core 5 
5 Set Strainer Core 5 
5 Set Gaggers 10 15 
5 Set Nails 5 5 
Level Sand 5 5 5 7 
Lift by Hoist 9 10 
Match on Bench 15 Set Mold Weights 7 
Mold on Conveyor 20%» Set Pattern in Match ) 
Mold on Conveyor Cai Set Pallet on Conveyor 5 
(Crane) 10 Set Pouring Basin 10 10 15 15 
Mold to Pallet 10 to 20° Set Sprues & Risers 5 10 15 
Oil Machine 5 10 
Partine 5 5 5 10 10 Spray 10 
5 10 Squeeze 5 5 
Patch 5 10 5 
5 5 
Peen 10 10 Strike off 5 5 10 
15 10 15 20 
Peen Sprues & Risers 15 15 
Pickup & Clean Flask 15 15 Vents (Rod or Pipe) 5 10 10 
Position Burners 0 ° 
Position Metal Upset (56 Ib) 15 Vents, Push 5 5 
manually alone 5 7 
Position Metal Upset 15 Vents, Scratch 5 7 
(56 Ib) manually alone Wash Mold 10 
Position Wooden Upset 10 15 ** With helper 
Position Mold (Crane) 10 1 Range of flask volume 1440 to 2600 cu in. 
Position Plate (90 to 130 * Range of cope volume 800 to 2600 cu in. 
lb) (Manually-alone) 25 25 ¥ Range of cope volume 800 to 1800 cu in. 
Position Plate (over 130 . Depending on weight—no range reported, 
lb) (Manually- * Range of flask volume—1440 to 3000 cu in. 
with help) 20 * Up to 4600 cu in. flask volume. 
Position Slinger Head to Mold 10 7 Over 4600 cu in. flask volume. 
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sented in a paper entitled “Timestudy Techniques” 
in A.F.S. Transactions, vol. 55, p. 221 (1947). One 
plant reporting in answer to the questionaire stated 
that this method had been applied to several mold- 
ing operations and had proven satisfactory, and was 
to be extended to other operations on molding and 
coremaking in their new ferrous foundry which had 
just gone into operation. 

This method also involves the type of motion of 
the body and the weight lifted or force exerted. See 
Table 3. 


TABLE 3 





Part of body 
used and type WeicHt HANDLED OR FoRCE EXERTED, LB. 
of movement 0-10 11-30 31-50 51-75 76-100 101-125 125-up 








Hands & Fullarm 1.01 1.03 1.09 1.19 1.34 
Hands, Fullarm 1.02 1.04 1.12 1.25 1.45 
& Shoulders 
Hands, Fullarm 
Shoulders & 1.03 1.05 1.14 1.28 149 1.75 2.05 
Back partly bent 
(Less than 45°) 
Hands, Fullarm 
Shoulders & 1.04 107 1.17 #135 160 192 2.30 
Back partly bent 
(More than 45°) 
Carryout & Close 1.04 1.07 1.17 135 160 192 2.30 
Carrying an Object 
Walking ee 226 283. 227 2a. 320. 156 





5. Summary of Elemental Fatigue Allowances 

Although the elemental method of applying fa- 
tigue allowances is no doubt the best and most ac- 
curate way of doing the job, it does involve a consid- 
erable amount of detailed work to analyse a job and 
set up the allowances initially in setting up standard 
data. 

However, once the allowances have been set up for 
the various elements in any job they can be used 
again for similar elements in other jobs. To facili- 
tate such a practice and to serve as a guide for any- 
one wishing to apply elemental fatigue allowances, 
the following compilation of fatigue allowances made 
on various elements by four reporting members is 
given in Tables 4, 5, 6 and 7. 


TABLE 6—ELEMENTAL FATIGUE ALLOWANCES 
IN GRINDING 





Element Stand Grind Swing Grind 
Blocking 7 
Pick up and Aside (hand) 5 (0 to 40 Ib) 5 (0 to 75 lb) 
10(40lb& over) 10(75 1b & over) 
Pick up and Aside (hoist) 5 (75 lb & over) 
Position (hand) 7 5 (0 to 75 Ib) 
10 (75 Ib & over) 
Position (hoist) 5 (75 lb & over) 
Grind 7 7 





DISCUSSION 


Chairman: M. T. Sett, Sterling Foundry Co., Wellington, 
Ohio. 

Co-Chairman: H. R. WILLIAMs, Williams Management Engi- 
neering Co., Milwaukee. 

HENRY FELTEN:* We did some work on the fatigue allow- 
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TABLE 5—ELEMENTAL FATIGUE ALLOWANCES 
IN COREMAKING 


Percent Eiemental Fatigue Allowances Used in 4 Plants. Each 
value given indicates use by one plant. 





Element Bench Floor 
Bend Rods, Wires, etc. 9 10 
Carry Tray Unfinished 

Cores 15 
Center Crane for Draw 5 
Clamp Plate to Box 10 
Clean & Oil (Dust) Box a) 5 
Clean off Bedding Sand 5 
Clean Out Hook Holes a) 10 
Clean Out Nail Holes 
or Rod Vents a) 
Draw 7 5 (crane) 
10 (24-lb box & core) 15 (manual) 
20 (55-Ib box & core) 
Dry Cores (Torch) 5 
File Cores 5 
Fill Joints after Pasting 10 
Get Empty Core Plate 5 
Level Sand in Core Box 5 15 
Load Cores in Tray 10 
Paste Cores 5 
Patch 5 5 
Plate to Rack 9 


Position Plate 5 (crane) 


15 (manual) 


Rap Box 10 
Ram-hand 10 10 
10 15 


Return Corebox to Bench 5 (1314 Ib) 








10 (2614 Ib) 
Remove Clamps 5 
Roll Box & Plate 5 (crane) 
Rub Cores to Paste 10 
Sand in Core Box (hand) 5 
10 
Sand in Core Box 
(Shovel) 10 
15 
Set Nails, Wire 5 5 
7 
Set Rods 10 
Spray with Oil 5 
Strike off 5 10 
7 
Vent 5 
7 
g 
10 
lie Wires 5 
Wash Cores-Blacking or 
Silica Wash 10 
TABLE 7—MIsCELLANEOUS ELEMENTAL 
FATIGUE ALLOWANCES 
Element Allowance 
Shovel Sand 20 
Walk with weight up to 10 Ib 5 
7 20 to 39 Ib 10 
40 to 59 lb 15 
60 to 75 lb 20 
Push wheelbarrow with sand (350 Ibs) 20 
Push wheelbarrow with concrete 25 





ances by the evaluation process on certain operations. On some 
of the highly repetitive operations, we found that our fatigue 
allowance is too high. It has been difficult for us to determine 
just what has gone wrong with our evaluation. We do not 
know if the evaluation on monotony or units handled is too 
high, or just what it is. 
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M. E. ANNICH 


Where did this evaluation come from? How do you arrive at 
these various points of evaluation? 

\MeEMBER: In regard to pace rating, if a man is operating a 
machine at approximately 160 pace rate, does that not change 
the fatigue factor value? 

Mir. ANNICH: No, because assuming that you have set your 
standard, you have set a certain percentage of fatigue value. 
That percentage has been set on normal, or 100 per cent, so 
that when the operator works at 160 per cent of normal actually 
he is getting the extra percentage for fatigue, is he not? 

MeMBER: That is correct, but in pace rating individuals on 
a moving line, why can the individual do his day’s work in 
practically half a day. This makes it difficult for the foundry 
melting department to keep the lines supplied with metal. 

Mr. ANNICH: If the man can do his complete day’s work in a 
half day, then there is something else wrong with your standards. 

MemBerR: Exactly what is the set up for determining actual 
pace rating? Some day the man works at a pace rate of 85 and 
another day at a pace rate on 120 and the standards are set on 
those pace rates. 

Mr. ANNICH: We have what are known as pace rating exer- 
cises. We went through a demonstration during the A.F.S. Con- 
vention in Detroit in 1947. For details see “Establishment and 
Use of Standard Data, Timestudy Techniques” by M. E. Annich, 
A.F.A. Transactions, vol. 55, pp. 221-240 (1947). 

Also, the S.A.M. recently issued a set of films showing pace 
rating for 24 different operations. These films show certain jobs 
being performed at various paces or various levels of produc- 
tivity and will give a timestudy man a good idea of what normal 
should be and how to rate accurately at various levels above and 
below normal. Then when a timestudy man is instructed and 
trained in 1ating these operations he should be able to rate 
accurately in almost any operation. 

You can make films of several short-cycle operations in your 
plant to suit your specific purpose. You can take the film show- 
ing two or three cycles, whichever is necessary and make about 
a 10-ft loop using a film splicer. Keep running that loop through 
a variable speed projector. You can have your foreman seated 
in the projection room and have them pace rate the operation 
at various projection speeds. By doing this a number of times 
and plotting the results you can arrive at a good idea of what 
normal should be. If you prefer you can have your timestudy 
personnel do it. We did that with foremen in several of our 
plants and we have had very good success with it. 

Joun TAytor:* Did you say that these fatigue factors are 
being applied on an overall basis? They are not being applied 
by elements? 

Mr. ANNICH: Yes, that is correct. 

H. S. THompson:* About 10 years ago we used overall allow- 
ances. Today we are at least 5 or 6 per cent higher on personal 
allowance and supplementary fatigue. Do you attribute that to 
loosening up of standards or do men exhibit more fatigue today 
than they did 10 years ago? 

Mr. ANNICH: I got into this fatigue problem because we 
found out, after applying the overall fatigue allowances, that 
there were cases where some jobs were rated too rigidly com- 
pared with others. In some cases we could not apply standards 
at all. We could not get the standards accepted in the shop 
because we did not allow enough fatigue on some of the difficult 
jobs. Since then, wherever we made varying fatigue allowances, 
based on the amount of effort involved in a job, we found the 
standards more consistent and more acceptable to the shop man. 

Mr. Fettren: I would like to clarify a point. We must be 
careful that we do not confuse fatigue allowances with rating 
accomplishment of the operator. Fatigue allowance is a time 
allowance given, depending upon the physical and nervous de- 
mands of the job, which make it possible for a workman to 
perform it repeatedly ali day long. 

Let us suppose we are going to apply a fatigue allowance on 
two different types of jobs. An operator is producing a small 
mold at a-high rate of performance; there is a low physical and 
nervous demand, so a small fatigue allowance is given. 

On the other hand an operator works at a normal pace on 
an extremely large mold; the physical and nervous demands 
are high, so a high fatigue allowance is given. 


1 Supt., Peoria Malleable Castings Co., Peoria, Ill. 
2 Vice-President, Lester B. Knight & Associates, Inc., Chicago. 
* Vice-President, American Boiler & Foundry Co., Milan, Mich. 
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One may produce 250 molds a day and the other only 12, 
but the earnings could be the same. In other words, we can 
maintain consistency in a man’s earnings. 

Mr. ANNICH: I agree, but we are not using fatigue allowance 
to maintain a man’s earnings, only when he is working at a 
normal pace. 

Mr. Fetten: I am thinking of an operation in our own 
foundry on which it was extremely difficult to apply fatigue 
allowances. It is the heat operation which involves shifting of 
weights, jackets, and molds for the iron pourer, and then dump- 
ing the molds into a windrow and hooking out the castings. 

One shifter would have 200 molds containing about 5 Ib of 
iron per mold. He was able to work at a high rate of perform- 
ance at 10 per cent fatigue allowance. 

Another shifter would have 120 molds containing about 40 Ib 
of iron per mold. His rate of performance, naturally, was 
slower but there was a fatigue allowance of 55 per cent. 

Consequently when we posted our heat performance reports 
there was a consistency of performance among the operators. 
It is not difficult at all to get a man to work on our heavy floors 
during heat operation, in fact some men prefer them. 

Mr. ANNicH: Thank you for supporting my view point. 

Memper: Fatigue values have a great deal to do with the 
physical makeup of the individual performing the job. Today 
the smaller foundries are faced with the problem of upgrading 
men with, let us say, smaller men on these heavier jobs due to 
union regulations. Therefore, some of these fatigue factor 
standards cannot be applied. 

Mr. ANNICH: We all have that problem. I feel that if you 
must make arbitrary allowances over and above the normal 
allowances that you make in any timestudy program, you will 
get into trouble. 

Memser: If one man makes a mold in a certain length of 
time that is not necessarily a basis for setting the rate on that 
job. 

Mr. ANNicH: That is right. It takes in pace rating and all 
these other factors which we talked about in the past. 

When we set a standard, we are trying to set a standard that 
can be attained by an average man. The fact is we are trying 
to set a standard where an average man can earn 25 per cent 
over his base rate. 

Member: There must be some definition as to an average 
man because of physical makeup. That is the problem. One 
man may produce 145 molds in a given time. The next man 
may be able to produce only 110 molds in the same time with 
the same effort. This is due to the physical makeup of the 
individual. 

Mr. ANNICH: That is right. But regardless of that, we still 
have to set a standard if we are going to have incentive, or use 
our data for job costs. 

MemMsBer: Are there any figures correlating physical makeup 
of a man to a certain type job in the foundry? 

Mr. ANNICH: Not that I know of. The only thing I can 
refer you to are the various methods of pace rating. 

MemMBeR: A normal man is what we pick to determine what 
a normal rate, a normal incentive should be. A normal man is 
a trained man, qualified physically to do the job. 

Pace rating is only one portion of the timestudy man’s task. 
His effectiveness and his skill are requisites. 

A timestudy man must recognize that an untrained man has 
not acquired what a normal operator on that job should be 
able to turn out. 

Mr. ANNICH: I think you are right and the difference in skill 
required on that job should be reflected in the base rate of the 
job. ‘The man who works at normal rate is supposed to get 
his base rate. 

HARRISON ATKINSON: ‘* I am taking into account the logic of a 
normal man working and I am wondering if during 1934 and 
1940 a normal man could turn out more than a normal man 
can today from the standards. 

MemMBeER: We are examining some 23,000 old rates which have 
been in the plant. The variance between those old rates and 
new ones, as being established through timestudy today, is ex- 
treme in many cases. Analysis of the job indicates that super- 
vision allowed methods to change and, therefore, the skill and 
effort of the men have changed. That is reflected in your 
standards. I would not say that is rating nor would I say that 
it is fatiguing on the job. 


Ra” Methods Engr., International Harvester Co., Hamilton, Ont., Canada. 
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Mr. ANNICH: I think there is a compromise between the two 
view points. There is always a question abolit what is normal 
in different plants and in different parts of the country. What 
is considered normal in one plant will not be considered normal 
in another. One of the objectives we are striving for is to get a 
common denominator of what is considered normal, which will 
be used universally. 

I will admit that possibly back in 1933 their concepts of 
normal were entirely different from what it is today. After all, 
this pace rating idea is still in its infancy. 

What we are trying to do is establish methods to determine 
what the normals are and then to have all parts of the country 
arrive some day at these normals and use them and keep them 
so that a normal pace now will be normal in 2000 A.D. 

F. G. Orson: * We had a four-month period during which 
time we worked with M.T.M. We have a set of molding stand- 
ards which I established some years ago. We checked these 
standards against M.T.M. and came out within 214 per cent 
of time. 

In 1946 we established blower standards in che core room 
using M.T.M. and we came out exactly. 

In another foundry of ours I established shifting and dumping 
standards in 1947. We spent 214 days going over the various 
motions and working up the standards. Through M.T.M. 
standards we would have spent $391.70 and through the present 
standards we spent $391.06. 

I am a firm believer in M.T.M. and I have never seen a mold- 
ing job on which you cannot use M.T.M. I am developing a 
set of standards on jolt-roll-over work using M.T.M, standards. 
You could even go so far as to develop iron pouring standards 
with M.T.M. 

I am referring to snap flask, jolt-roll-over and floor molding 
methods. This does not include pit molding. 

We also made fatigue allowances on each element based on 
weight and position of body. It has been my observation that 
when you go from an overall fatigue rating to an elemental 
fatigue rating, you have to train your people all over again as 
far as effort rating is concerned. The difference is considerable. 

When we first started in timestudy we were trained what was 
then considered 100 per cent. That also included some allow- 
ance for fatigue. Now when you are going to divorce this 
fatigue from your effort rating, you will have to have a different 
concept of 100 per cent. We-used to have flat-overall delays. 
Now that we are getting into elemental fatigues we have to 
forget about this 1214 per cent and we must divorce our fatigue 
allowance in order that we can come up with approximately the 
same answer when we get through. 

Mr. ANNICH: I think you are right. We are starting to get 
refinements in our timestudy methods. We were possibly some- 
what careless about timestudy in the past and did not worry 
too much whether we were lax 15 or 20 per cent. If we are to 
make fatigue allowances and make them as they should be, 
then we must refine our timestudy procedures. We are trying 
to do just that with these pace rating methods too. 

Mr. Taytor: When applying fatigue by elements, it has 
been my experience that there are some companies who have 
followed the practice of using a leveling factor that also in- 
cludes fatigue while other companies have used a factor that 
is a pure leveling factor and nothing else. Those companies 
that have always followed the practice of using a factor that is 
purely a leveling factor and nothing else, regardless of which 
way they go in fatigue, can make changes that will not disrupt 
their procedures very much. To those companies who have used 
a leveling factor that includes fatigue and supplemental as well 
as personal, it does mean a retraining of the timestudy per- 
sonnel. 

Mr. ATKINSON: At present we are more or less going through 
that process where we leveled everything on the 100 per cent 
factor in trying to develop something more worthwhile and 
to be able to put a critical examination on timestudies. But 
we find ourselves with the biggest problem and that is to retrain 
our timestudy personnel and at the same time to retrain the 
employes being timestudied. 

Mr. ANNICH: In other words you are restudying the job 
with the idea that there has been a change of method. 

H. D. Hammonp:* The justification for timestudy is the fact 
that you want to give the men a fair day’s pay for a fair day’s 
work no matter whether they are working in New York or Kala- 
mazoo. It is up to us to establish the right time standard on 
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the job and sell it to those whom it concerns as to what the 
allowance is going to be over and above a day rate rather than 
say, One man is 25 per cent over the standard, the next man 
35 per cent over the standard, the next man 50 per cent over 
the standard, for doing a fair days work. 

Mr. Taytor: I would like to explain an experience I had in 
connection with giving credit to the A.F.S. Timestudy and 
Methods Committee. On a recent job the question arose as to 
what we were doing about fatigue allowance. I replied “We will 
use the fatigue factors that have been developed by the A.F:S. 
Timestudy and Methods Committee. These figures are the 
concensus of approximately 54 foundries. Can you produce 
anything better?” Since no one could, I said “Unless you can 
show me averages from more than 54 companies, I think you 
will have to agree that this must be a pretty good figure.” So, 
they decided to accept it as such. 

Mr. ANNIcH: Thank you, Mr. Taylor, for the compliment to 
the work of the A.F.S. Timestudy and Methods Committee. 

We are trying to set up something for management to work 
with in our studies on pace rating, fatigue allowances and any- 
thing else connected with timestudy and incentives. If, in their 
problems with labor, management changes values that we give 
them, they should still recognize that in these values we are 
trying to be as accurate as possible. If they have to change them 
they certainly should not expect us to change our method, our 
allowances, facts and figures just to suit the union or to sell 
the job. We should make each change as an extra allowance or 
a compromise to them, but not compromise our own figures 
and our methods. 

E. A. Renr:* Timestudy is a selling job and when we enter 
into a mutual agreement between labor and management, do we 
not destroy the fundamental principles of good basic timestudy? 

Mr. ANNICH: I agree with you. I will give you an example. 
My assistant and I were working at a plant which was a machine 
shop and not a foundry. Management complained about the 
standards being too loose. They have a method of bookkeeping 
with their timestudies that every time they set a new standard, 
they put a new timestudy number on it. Each time there was a 
change in specifications or a change of the elements in a job, 
they would take an original timestudy that they had and to that 
sheet they would add whatever elements were put in or take out 
whatever other elements were taken out and come up with a 
new standard. Management complained that our standards were 
lax 25 to 40 per cent. 

My assistant studied their timestudy files and in some cases 
spent as much as 2 hr on one standard alone to find out where 
the original timestudy came from and every time he got back to 
the original timestudy. At the bottom of the sheet was a note 
to the effect that the standard was “arbitrarily raised 25, 30 or 
35 per cent” and initialed by the superintendent. And then they 
wondered why the standards were lax, That is the sort of thing 
we must get away from if we are to have good standards. 

M. A. CUNNINGHAM: *® Reference was made to using 5 per 
cent as a personal factor. Are there any figures to back 
that up? 

Mr. ANNICH: In one of the reports that came to the Com- 
mittee in its survey it was definitely stated that they had 
taken what we call activity studies over 70 days and they 
found that the personal allowance amouned to 4.8 per cent. 
It was felt that this backed up the 5 per cent which has been 
generally accepted and has never to my knowledge been ques- 
tioned. If we did not have any more trouble with other allow- 
ances that we do with the 5 per cent personal allowance, then 
the timestudy man’s life would be a lot less miserable. 

Mr. Fetren: Anyone who has any experience taking all-day 
timestudies and carefully itemized the time that the operator 
takes out for personal allowance knows that it seldom exceeds 
25 min per day. This is approximately 5 per cent. 

CHAIRMAN SELL: There is one point that has not been stressed 
sufficiently in this discussion and that is that every timestudy 
engineer is a salesman and that perhaps we have one of the 
most difficult selling jobs there is. The timestudy man will not 
have a successful Standards Department or successful standards 
in his plant if he cannot sell them to the men. 

5 Industrial Engr., Union Malleable Iron Works, E. Moline, II. 

® Chief, Costs & Methods Dept., Electro-Alloys Div., American Brake 
Shoe Co., Elyria, Ohio. 

7 Industrial Engr., Oil Well Supply Co., Oil City, Pa. 

8 Industrial Engr. Dept., Clark Bros. Co., Inc., Olean, N. Y. 





SCAB DEFECT ON GRAY IRON CASTINGS 


A Progress Report By 
A.F.S. Committee on Physical Properties of Iron 
Molding Materials at Elevated Temperatures* 


Introduction 


THE SCAB DEFECT is defined and characterized 
by an encrustation of sand and metal on the surface 
of a casting. Usually when the scab is removed, a de- 
pression will be found in the casting surface. The 
scab is caused by a piece of the mold face flaking or 
spalling off. This Committee undertook to learn 
something about the characteristics of scabbing and 
non-scabbing molding sands. 

In a progress report published in the 1949 A.F.S. 
TRANSACTIONS! complete details of the testing pro- 
cedure are recorded. The Committee has formulated 
18 sand mixtures most of which produced scabs on 
the test casting. Some 29 other sands were obtained 
from cooperating foundries. Most of these foundry- 
submitted sands did not produce scabs. 

This report tabulates differences observed between 
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Fig. 1—Sketch of test pattern. 


* Membership of the A.F.S. Committee on Physical Properties 
of Iron Molding Materials at Elevated Temperatures consists 
of the following: V. M. Rowell, Chairman, R. W. Bennett, J. 
E. Coon, H. W. Dietert, R. L. Doelman, H. H. Fairfield, J. A. 
Gitzen, John Grennan, H. J. Jameson, Roy Korpi, Henri Louette, 
R. W. Mason, C. S. Parsons, E. J. Passman, R. P. Schauss, W. 
\. Spindler, Michael Warchol, G. F. Watson, R. E. Wilke, J. T. 
Zayner, and E. C. Zirzow. 


23 


the scabbing and non-scabbing sands tested. It is 
hoped that the data contained herein proves useful 
as a starting point for foundrymen faced with the 
problem of eliminating scabs. 
Procedure 
The pattern used in this work is shown in Fig. 1. 
Molding procedure! was consistent for all castings, 
except 2g, 2h and 2i (Table 1) when mold hardness 
was varied. Three castings were made in each sand. 
All castings were poured with gray iron at a temp- 
erature of 2650 F. Metal temperature was measured 
with a platinum-platinum rhodium thermocouple en- 
closed in a quartz tube. This device was described by 


W. A. Spindler in AMERICAN FOUNDRYMAN, April, 
1947. 

The castings were sandblasted and examined for 
defects. From each set of three castings a representa- 
tive one was selected. The molding sands were tested 
in the laboratories of the H. W. Dietert Co. 


Materials 


Table 1 lists the data concerning the sands used. 
Ihe preliminary work of the Committee showed that 
scabs could be produced consistently with a sand mix- 
ture containing about 20 per cent silica flour added to 
a coarse silica sand. This type of sand is listed under 
mixes No. 2 to 2i, 11 to 14, 29, 30 and 33. The other 
sands except No. 1 were obtained from cooperating 
foundries. 

Approximate analysis of iron used was: 


Total Carbon, % 
Silicon, % 
Manganese, % 
Sulphur, % 
Phosphorus, % 


Test Results 


Table 1 shows the results of a cross-section of the 
test data. Complete tests were made on 47 sands and 
the complete data are too unwieldy to publish in this 
paper. The first section of the table indicates the 
sand mixture or its source. Next are listed the green 
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2C 2A 
+1% Cereal 
282+ 


Sand No. 2 2B 2D 
Sand No. 2 2 +2% Wood Flour +39% Pitch +5% Sea Coal 
Dry Strength, psi 160 108 192 180 

Hot Strength at 500 F, psi 269 140 163 324 445 


Fig. 2—Photo of castings made with Sands 2°, 2A, 2B, 2C and 2D. 


PA) wea 


Sand No. 

H,O, % 4.2 

Dry Strength, psi 104 160 

Hot Strength 185 269 
at 500 F, psi 


Fig. 3—Photo of castings made with Sands 2°, 2E and 


2F. 


Sand No. 7 8 
Dry Strength, psi 60 188 
Hot Strength at 500 F, psi 59 230 


Discussion 


Members of the Committee advance the following 
theory to account for the formation of scabs. 


Cause of Scabs 

The formation of a scab on the surface of a cast- 
ting is the final result of numerous reactions which 
take place within a few seconds of time. Granules of 
silica sand are compressed into a shape having some 
strength due to the adhesive properties of the ma- 
terials used to coat the grains. The sudden applica- 
tion of liquid iron sets off a series of reactions. Mois- 
ture is converted to steam. Organic materials are de- 
composed. Clays and ceramic materials change struc- 
ture and mechanical properties. The sand grains ex- 


9 
141 
146 


Fig. 4—Photo of castings made with Sands 7, 8, 9 and 9A. 


properties of the sands. Dry strength and screen anal- 
yses are in the third section. Properties of the sands at 
elevated temperatures follow. At the bottom of the 
table the appearance of the test castings is described. 

Photographs of representative castings are shown 


in Fig. 2 to 5. 


pand and tend to cause a compressive stress in the 
surface layer of the mold. Each successive layer under- 
lying the mold surface is at a different temperature 
and has a different set of physical properties. When 
the stresses set up due to expansion exceed the me- 
chanical strength of the molding material, a piece of 
the mold flakes off. 
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Sand No. 10 11 12 13 
Dry Strength, psi 66 227 183 


58 
Hot Strength at 500 F, psi 93 232 302 249 


5—Photo of castings made with Sands 10, 11, 12, 13 and 14. 


Heat Shock Resistance Gray iron must be heated carefully to avoid cracking. 
Soft, low-carbon steel absorbs the dimension changes 
due to heat without cracking. 

Rammed plastic mixtures contain granular refrac- 
tory which expands on heating, together with fireclay 
which shrinks on heating. By proper blending a spall 
resisting material is obtained. 

Manufacturers of refractory bricks know that the 
tendency to spall is increased as the density of silica 
or fireclay brick is increased. 

Silica (SiO.) is the main component of molding 
sands, due to its availability and its high fusion point. 
The expansion characteristics of silica have been care- 
fully studied.?:* Silica will expand more than | per 
cent in length when heated to 1500 F. The expansion 
characteristics of silica can be changed only by fusing 
the silica. This is obviously impractical for foundry 
sands. The only practical ways that expansion char- 
acteristics of molding sand can be changed is to alter 
the composition of the material surrounding the sand 


The problem of making a material to resist heat 
shock is not limited to molding sands. It would be 
useful to consider therefore some of the common prac- 
tical knowledge concerning heat shock resistance. 

Ordinary glass is liable to crack when exposed to 
heat. Pyrex glass does not crack on being heated, 
because it has a very low rate of thermal expansion. 
The superior spall-resisting characteristics of many 
refractories are attributed to their low thermal expan- 
sion rate. 

Spall resistance of graphite and silicon carbide is 
partly due to high thermal conductivity. By heating 
up uniformly and quickly, stresses are minimized. 

Ductility aids spall resistance in the case of metals. 


grains or to change the grain size distribution of the 
sand. 


The Cure for Scabs 


In view of the foregoing general information, in 
order to improve shock resistance of molding sand, a 


© CASTINGS WITHOUT SCABS 
@ CASTINGS WITH SCABS 
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6—A scabbed casting, showing how the area of Fig. 7 — Curve showing relationship between not 
the scab was measured. strength and hot deformation at 1000 F. 
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change in the ingredients of the sand mixture must 
be made. The significant property to control is not 
exparsion, but rigidity, that is the capacity to absorb 
expansion without distorting or cracking. The Com- 
mittee therefore advances the following hypothesis: 

To cure the scab defect, reduce the rigidity of mold 
surface at high temperatures. 

An examination of the test results will now be made 
in order to see if empirical test results support this 
theory. The scab is formed by physical forces in 
action. A.F.S. sand tests measure physical properties 
at rest. Therefore we cannot expect to get clear cut 
separation of good and bad sands. 

The scabbed areas on the castings were measured 
by pressing aluminum foil over the defective areas 
and trimming around the edges. With the weight of 
the aluminum foil per square inch known, the area 
of the scab could be determined by weighing the ir- 
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Fig. 8—Showing green strengths of all sands. 
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regular piece of foil which duplicated the scabbed 
areas (Fig. 6). 


Hot Deformation at 1000 F 


This temperature was selected because it is near 
the temperature at which the greatest stresses due to 
expansion are encountered. Table 1 and Fig. 7 show 


SANDS SUBMITTED BY FOUNDRIES 
(THESE DO NOT CONTAIN SILICA FLOUR) 
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GREEN COMPRESSIVE STRENGTH,PSI 


Fig. 9—Showing green strengths of sands submitted by 
foundries. 
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Fig. 10—Showing rammed density in lb/cu ft. 
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that the sands which deformed 0.009 in. or more did in green strength. Closer examination of the data 
not produce scabs. The more rigid sands which de- shows (Fig. 9) that the foundry submitted sands 
formed 0.007 in. or less, all produced scabs. The which caused scabs had low green strengths also. 

property of hot deformation is considered by the Since clay shrinks when heated, large amounts of 
Committee to be the key to the scab forming ten- clay would be expected to reduce the expansion 
dency. stresses in molding sand.* It is also suggested that if 


the subsurface layer of sand is tough and plastic, there 

is less tendency for pieces of sand to spall off when 
{s Fig. 8 shows, the majority of the scabbing sands the sand is exposed to heat shock. 

had a green compressive strength below 10 psi. At 

first it would appear that this is merely a coincidence 


Green Compressive Strength 


Rammed Density 


due to the fact that all the silica flour sands were low The non-scabbing sands had a density below 110 
lb per cu ft when rammed (Fig. 10). Half of the 
$- WITH & WITHOUT SCABS scabbing sands were heavier than 110 Ib per cu ft. 


Also, as Fig. 11 shows, the non-scabbing sands weighed 
less than 175 grams when rammed into the standard 
A.F.S. 2-in. x 2-in. specimen, 

It should be noted that most of the high density 
sands contained silica flour. The silica flour is a scab- 
~> FREE FROM SCABS | 359 —| ~® SCABS PRESENT forming ingredient which increases sand density. With 

silica flour, the sand is hard and brittle when hot. The 

e "ae a 

ke e addition of wood flour to the dense silica flour sands 
eve reduced the density, also the brittleness (increases 
_|%e hot deformation) and was helpful in preventing scab 
formation (compare sand No. 29 with sand No. 33 in 
Table 1). 
¢ There are other materials which might increase the 
L¢ 180 - density of molding sand without causing scabs. Graph- 
ite, silicon carbide flour and clay increase the density 
of sand, but they do not necessarily produce scabs. 
Whether or not high density is a factor in causing 
e- 170 = scabs therefore depends upon the type of fine mater- 
ials in the sand. This investigation certainly shows 
that fines in the form of silica flour will cause scabs. 
Ramming a scabbing tendency sand to a higher dens- 
ity as indicated by higher mold hardness will increase 
its tendency to scab (Fig. 12). 


- 210 


re 1190 





° 
° 
a 
e sc os6 
* <¢ 


Green Deformation 














150 As Fig. 13 shows, most of the non-scabbing sands 
had green deformation values below 0.021 in./in. 

WENT OF SH. 8S. SE eee The higher the deformation, the wetter the sand is, 

Fig. 11—Showing weight of 2-in. by 2-in, A.F.S. stand- and therefore the tighter it will pack when rammed. 

ard specimens High green deformation means higher dry and hot 

strength, and a more brittle sand at high temperature. 















Mold Hardness 2.5 50 64 75 82 
Dry Strength, psi 49.6 115 160 . 
Hot Strength at 500 F, psi 98 125 269 





Fig. 12—Showing mold hardness 
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Consider the following results from Table 1. Sands 
2E and 2F are identical in composition except for 
moisture content. 


Property Sand No. 2E Sand No. 2F 
Moisture, % 7.2 4.2 
Density, Ib/cu ft 125 113.6 
Green Deformation, in./in. 0.025 0.012 
Dry Strength, psi 170 104 

Scab Area, sq in. 27.4 3.3 


Wet sands pack tighter, have higher dry and hot 
strengths and therefore are more brittle. Green de- 
formation should be considered as related to scab 
formation in that it indicates when the sand is too 
wet, and wet sands tend to cause scabs. 


Flowability 


There is a slight indication that high flowability is 
a characteristic of scabbing sands. It would seem log- 
ical that sands which pack tightly will be brittle at 
high temperatures. 


Permeability 


Sand No. | had a permeability of 278 and did not 
cause scabs. Adding 20 per cent silica flour produced 
sand No. 2. Sand No. 2 had a permeability of 65 and 
produced scabs on the castings. In this case the silica 
flour was the causative agent, and the permeability 
was one of its attributes. 

When the foundry-submitted sands are considered 
separately (Fig. 14), it is apparent that permeability 
over 80 is found only in the non-scabbing sands. Low 
permeability indicates the presence of fines in the 
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Fig. 13—Showing green deformation. 
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sand. Whether a low permeability sand will scab o: 
not depends upon the type of material in the fines. 


Dry Strength 


The silica flour sands had higher dry strengths and 
produced scabs. Figure 15 shows that dry strengths 
over 150 psi, were associated with the scabbing sands. 

Other materials might cause higher dry strengt! 
without causing scabs. 


Silt Content 


Figure 16 shows that two of the non-scabbing sands 
had more than 8 per cent silt. Fourteen of the scab- 
bing sands had more than 8 per cent silt. This in- 
vestigation certainly has shown that silt in the form 
of silica flour will make molding sand brittle and 
cause scabs. 

Other forms of silt may be beneficial. Organic ma- 
terials will show up in the screen analysis as silt. As 
Table 1 shows, the addition of organic materials re- 
duced the amount of scabbing. Active clay which 
shrinks on heating is also a desirable constituent of 
molding sand. The high green strength sands did not 
scab, therefore, clay particles are not detrimental. 


NON- SILICA FLOUR SANDS 
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Fig. 14—Permeability of foundry-submitted sands. 
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Expansion of Molding Sand 


The expansion tests performed on the sands de- 
scribed in this report did not show a definite correla- 
tion with scab defects. It is believed that the tech- 
nique of testing was in error. No standardized test 
for expansion has been approved by the A.F.S. Fur- 
ther work on getting an approved standardized meth- 
od is recommended. The tests were performed by 
submitting sands to 1500 F. It is probable that slow 
heating of the specimen would have given better 
results. 


Hot Strength 


The silica flour sands had higher strengths at ele- 
vated temperatures (Table 1) than did the foundry- 
submitted sands. When powdered silica is present in 
the sand, the sand is hard and brittle at high tempera- 
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lig. 15—Showing relationship between dry compres- 
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tures and high stresses are set up due to the expansion 
of the silica flour. 

With other types of fines in the sand, high hot 
strengths may not be harmful (Fig. 7). 


OrGANIC MATERIALS ADDED TO MOLDING SAND 


Sand Number Materials Added Scab Area sq in. 


2 none 18.7 
2 none 19.6 
2A 1% Cereal 9.8 
2B 2% Wood Flour 4.0 
2C 5% Sea-coal 11.2 
2D 3% Pitch 4.6 
33 3%, Wood Flour 0.0 


The beneficial effects of organic materials, especial- 
ly wood flour, are quite apparent in the above table. 
Wood flour does reduce the brittleness of sand at high 
temperatures. 


How to Correct a Scabbing Sand 


To summarize the practical findings of this report, 
the following list of remedial measures is given as a 
guide for those who wish to correct a scabbing sand. 

1. Try removing the fines from the sand, until 
permeability exceeds 80. 

2. Add sufficient clay to get green compressive 
strength over 10 psi. 
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SCREEN ANALYSIS PERCENTAGE SILT (0 TO SO MICRONS ) 


Fig. 16—Showing screen analysis percentage of silt. 















Pouring Rate, sec 7 9 11 

Gate Area, Sq In. 0.245 0.49 0.98 

Fig. 17—Photo shows castings made using various 
pouring rates. 


3. Blend bonding clays to get dry strength under 
150 psi. 

!. Control moisture to optimum temper by means 
of green deformation or other tests. 

5. Add granular organic material to lower high 
temperature brittleness. 


Foundry Conditions That Promote Scabs 

Experienced foundrymen have observed that cer- 
tain foundry conditions tend to cause scabs. When 
scabs are found on castings it would be wise to check 
the following foundry conditions before making any 
changes in the sand. 

1. Is the mold rammed unevenly? Is it rammed too 
hard? 

2. Is the sand too wet or unevenly tempered? 

3. Is there excessive patching or slicking? 

4. Is the mold properly vented? 

5. Is the mold poured too slowly? (Fig. 17) 

Certain geometrical shapes are prone to scabbing. 
An increase in casting thickness increases the tendency 
to form scabs. Abrupt changes in section size will in- 
crease the tendency to scab. Internal corners, ribbed 
or fluted shapes, and castings made with pockets of 
green sand in the drag are liable to form scabs. 


Conclusions 


The following conclusions as to optimum proper- 
ties for non-scabbing green sands for gray iron cast- 
ings refer to the 47 sets of test castings made with the 
sands described in this report. 

Properties of non-scabbing sands: 

1. Green compressive strength should be over 10 
psi. 

2. Rammed density should be below 110 lb per cu 
ft. 

3. Green deformation should be less than 0.021 in. 
per in. 

.4. Silt content should be less than 8 per cent. 

5. Dry strength should be under 150 psi. 

6. Hot deformation at 1000 F should be greater 
than 0.009 in./in. 

7. Permeability should be over 50. 
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DISCUSSION 


Chairman: C. A. SANDERS, American Colloid Co., Chicago. 

Co-Chairman: H. W. Dietrert, Harry W. Dietert Co., Detroit 

MeMBER: In our foundry we pour castings with flat surfaces 
and the scabbing defect is one of our problems. Did the Com 
mittee do any work on heavy dry sand work? 

Mr. Rowe: Experiments reported in this progress repori 
involved using green sand molds. Experiments with dry sand 
will be made at some future time. 

MemsBer: Did the Committee do any work on distribution oi} 
grain sizes in the sand? 

Co-CHAIRMAN Dietert: The Committee made some tests along 
that line but the number of tests made was insufficient for 
conclusions to be drawn. Therefore, no data has been given on 
the effect of grain distribution and scabbing. 

The Committee performed some tests using silica flour in the 
sand mixture. The compressive strength of this sand mixture 
was 7.0 psi which is not considered low green strength. We also 
found it did not have to be silica flour which imparted scabbing 
tendencies to the sand mixture. It could be a high fines content 
with high siliceous content. It is more a matter of how much 
fines you have in the sand. It is desirable to control the very 
fine siliceous grains present in a sand. 

NATHAN LEvINSOHN:' We make castings weighing from a 
fraction of a pound to about 1,500 Ib. We had the scab defect 
with us a short time ago for a period of three days. What the 
cause of it was, we do not know. We did notice that our mois- 
ture content dropped as our permeability values went up. The 
moisture content dropped from 4.4 per cent to 3.0 per cent and 
the permeability increased from approximately 65 to approxi 
mately 85. 

Mr. RoweLt: That contradicts some of our data. There must 
have been some other controlling factor. We found that high 
permeability and low moisture tended to relieve the scabbing. 

Member: Sand that is undertempered at the time of pouring 
will cause that scabbing condition. These are expansion scabs. 

Mr. RoweL_: With a high permeability and low moisture 
content it is possible those molds might have been rammed 
harder. 

Mr. Levinsoun: Our normal ramming is 70 to 80 and these 
had tested 90. 

Mr. Rowett: That is probably the cause. You have raised 
the hot strength. 

E. C. ZuppANN:? We pour chilled plowshares, which are some 
of the worst bucklers. These are 18-lb castings and take more 
than 20 sec to pour. We ran into the scabbing defect recently. 
I attributed the cause to the efficiency in our dust collection sys- 
tem. Maintenance men repaired the equipment, increasing its 
cfliciency so that the wood flour disappeared, allowing higher 
permeability, requiring less moisture. The combination results 
in buckles. 

Mr. Levinson: Molding sand grain size tests are made at om 
plant at least three times per week. The grain distribution of 
our sand remained the same when we encountered the scab 
defect as well as when it disappeared. 

Mr. Rowe: In some experiments we rammed the mold to a 
hardness of 25, 50, 64 and 82. As the mold was rammed harde1 
the scab was more aggravated. 

S. CmMunt:* We are using a synthetic sand mixture in ow 
foundry and on any flat surface casting we make a scab appears. 
Many of our molds should be rammed to a mold hardness of 
85 to 90, but even at that hardness they will form scabs. We 
found a solution to the problem. If you place graphite flakes 
in carbon tetrachloride and spray the flat surfaces of the mold 
with this suspension, scabs will not form on these surfaces even 
though the mold be rammed to 80, 85 or 90 hardness. 

Mr. Roweit: I do not know the reason for the way these 
sprays affect the sand. A few years ago we were having an occur- 
rence of scabs on transmission housings. This did not harm the 
quality of the casting but it did not look well, so we rammed 


1 Foundry Supt., Minneapolis-Moline Power Implement Co., Minneapolis 
2 Foundry Engr., The Oliver Corp., South Bend, Ind. 
8 Molding Foreman, Superior Foundry, Inc., Cleveland. 
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the mold softer. Then we had to lower the hot strength of the 
sand mixture and we eliminated the scabbing tendency. 

M. E. Roe: * Mr. Levinsohn stated that as the moisture con- 
rent in his sand mixture went down, the permeability went up. 
if that is the case, then the sand mixture must be on the plus 
side of temper and the flowability must be down. If you were 
to plot permeability as rising, flowability would go in the oppo- 
site direction. 

Mr. Rowe: That can go either way. You can bond the sand 
with all bentonite to attain strength and your moisture or tem- 
per requirements are much lower. That is a little hard to 
predict. This green deformation test might have application. 

We have advocated several suggestions in our conclusions. 
the green compressive strength should be over 10 psi. Ram 
density should be at least 10 lb per cu ft. Green deformation 
should be less than 120. Dry compression should be less than 
150 psi. 

We have been unable to find any one or two or three tests 
that always hold true. In every chart in the paper there are 
exceptions. We should do more work on these exceptions and 
correlate them with the other properties to see if they fall in 
line. I suspect they do, although I expect what is an exception 
on one property more than conforms on the other. 

Co-CHAIRMAN Drerert: Here is a point we can make. Re- 
member, the reason why the sand loses its moisture was because 
of the possibility that the suction system pulled out some of 
the cushioning material, for example, wood flour. In a case like 
that permeability would increase while the moisture content 
would decrease. 

W. H. Moore:* If you lost colloidal clay, the permeability 
would increase and hot toughness would decrease. 

H. Lovetre:* When we conducted tests for the purpose of 
eliminating scabs from flat surfaces on our castings we intro- 
duced wood flour (130 fineness) into our sand mixture. Since 
then we have practically eliminated all scabbing. We also 
sprayed wood flour on the pattern instead of the parting. This 
also improved the condition. 

Another foundryman tried spraying the wood flour on the 
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pattern but he still had the scab defect. Then he sprayed it on 
the mold and the scab defect vanished. Sometimes it works on 
one job and not on another. I would suggest the use of wood 
flour either on the pattern or the mold and also the regular 
way. 

Co-CHAIRMAN DietertT: With our present day information in 
the literature and in this report, the scabbing tendencies of 
sand may be reduced when we have a number of sand properties 
at specified values. 

J. A. RAssenross:* Several foundrymen made the statement: 
“We rammed to a certain mold hardness and we did not get so 
and so.” I think something has been forgotten. Each of you 
probably has a sand which has a different green strength. It is 
unlikely any or all of you had the same strength. It will range 
from 6 to 15 psi green compressive strength. 

Now each one of those sands is not rammed to the same de- 
gree if you bring it to the same hardness. It is quite unlikely 
that the low sands could ever be brought up to the hardness of 
the high sands. Consider a 3 per cent bentonite sand. You can 
pound on it all day long, but the mold hardness will not go 
above, say, 75. But, if you increase the bentonite content of 
that sand to 7 per cent you are capable of getting a mold hard- 
ness of the order of 90. 

If you take a given sand and ram it to get the mold hardness, 
you know how well rammed that sand it. You do not know 
whether it is rammed as well as some other sand which may 
have a different characteristic hardness. If a foundryman is used 
to getting a certain mold hardness with his sand and his sand 
has actually changed in composition, an attempt to maintain 
that hardness may result in over-ramming. The increase in 
density may be out of proportion to the increase in hardness 
number. 


* Technical Repr., Archer-Daniels-Midland Co., Cleveland. 

> Foundry Engr., Meehanite Metal Corp., New Rochelle, N. Y. 

® Asst. Supt., Warden King Ltd., Montreal, Que., Canada. 

7 Research Metallurgist, American Stee! Foundries, E. Chicago, Ind 














METAL PENETRATION 


Research Progress Report 


S. L. Gertsman and A. E. Murton * 


THIS REPORT PRESENTS a statement of the prog- 
ress which has been made in an investigation of metal 
penetration of green sand cores. The decision to under- 
take this work was made at a meeting of the Mold Sur- 
face Committee of the A.F.S. Sand Division held at 
Cleveland, in May, 1950. At that time it was agreed 
that the standard casting, developed to evaluate oil 
sand cores,! was to be employed for the tests. The pre- 
liminary tests were to be made at the Mines Branch 
Laboratories, Ottawa, Canada. 


Procedure 


Close control of the moisture content of the test 
cores is essential if significant results are to be obtained. 
Such control was established. by means of the follow- 
ing procedure: 

1. Controlling the moisture in the core mixtures, 

2. Storing the prepared cores in a humid atmos- 
phere until they were used, 

3. Using a cold mold, 

4. Installing the cores and closing the mold at the 
latest possible moment before pouring. 

Constant storage humidity was ensured by means of 
a desiccator which contained water instead of desic- 
cant. Under these conditions, where the relative hu- 
midity was 100 per cent, it was found that the moisture 
content was constant over at least a 2-hr period, which 
was more than sufficient time for the test. The mois- 
ture contents of green sand cores after storage at differ- 
ent humidities are shown in Table 1. The results for 
relative humidities of 25, 50 and 75 per cent were ob- 
tained by using constant humidity solutions of sul- 
phuric acid and water in the bottom of the desiccators. 

A means of holding the cores in the sand cavity had 
to be devised. The method selected was to fasten each 


* Physical Metallurgist and Metallurgist, respectively, Physical 
Metallurgy Division, Department of Mines and Technical Sur- 
veys, Mines Branch, Ottawa, Ontario, Canada. 

This report is sponsored by the Mold Surface Committee, Sand 
Division, American Foundrymen’s Society. Members of this Com- 
mittee are as follows: S. L. Gertsman, Chairman, C. C. Sigerfoos, 
Vice-Chairman, D. C. Williams, C. Locke, W. T. Shute, J. B. Caine, 
A. J. Kiesler and H. H. Fairfield. 
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TaBLeE 1—MolstTuRE CONTENT OF STORED GREEN 
SAND Cores IN PER CENT 





Relative Storage Time, Hours 

Humidity 

Per Cent 0 \% | 2 
25 3.45 2.6 2.4 
50 3.45 2.7 2.5 2.2 
75 3.45 3.0 2.8 2.4 
100 3.45 3.45 3.45 3.45 





core to the base core by a wire. The wire was rammed 
up in the test core in a double-end rammer, and 
reached to within 14 in. of the top of the rammed core 
(see Fig. 1). In preparing the test core the wire was 
passed through a hole in the stripping post, and out a 
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Fig. 1—Sketch shows setup for preparation of green 
sand cores for metal penetration test. 
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slot in the side. This allowed free vertical movement 
of the wire as the core was rammed. In the specimen 
tube, three-quarters of the weight of the core sand was 
placed below the loop at the top of the wire, and the 
rest above. 

In order to tie the wires it was necessary to remove 
the supporting molding sand below the base core. The 
core thickness had to be increased over that used in oil 
sand work in order to prevent the metal from break- 
ing through the core below the runner when high metal 
heads were used. The wires were tied to steel rods. The 
method of assembling the mold is shown in Fig. 2, and 
the core assembly in Fig. 3. 






tA 
PER OREN OF MERC AYN 


C4 






rr hl 







ot 


(LLLL LL 


ro 
‘s, 
7 








SECTION 88 
































+® 
% HOLE i Base cone — 9 pe * 
WIRE TIED TO STEEL Ban — fe —ee— Bye 


Fig. 2—Sketch shows metal penetration test casting for 
green sand cores. 


Effect of Metal Head and Temperature 


A series of tests was carried out to determine the 
temperatures and pressures required to produce metal 
penetration in green sand cores. The following mix- 
ture (No. 5 of the Appendices) was used: 

New Jersey No. 57 Sand, gm 2000 
Western Bentonite, gm 100 
Moisture, % 3% 

Figure 4 is a photograph of a section which illus- 
trates the type of penetration obtained on green sand 
cores. This sample was cut vertically through the core 
taken from a 30-in. casting poured at 2900 F. It will be 
seen that the core was partially penetrated, with the 
greatest penetration occurring on the side nearest the 
ingate (right side of picture). 

Figure 5 shows the results obtained with 5, 24 and 
30-in. high castings. The following will be observed: 


















lig. 3—Core assembly for testing green sand 1-1 /8-in. 
diam by 2-in. test cores. 


1. The higher the casting (ferrostatic pressure) the 
lower the pouring temperature at which complete pene- 
tration is obtained. For example, in comparing the 
last vertical row of castings in Fig. 5, the 5-in. shows 
bad burn-on at 3100 F. The 24-in. shows complete 
penetration at 3050 F, whereas the 30-in. casting is 
completely penetrated at 2950 F. 

2. For the same temperature, 2800 F, (first vertical 
row in Fig. 5), increasing the height of the casting in- 
creases the metal penetration. The 5-in. is not pene- 
trated. The 24-in. has about 1/16 in. penetration; and 
the 30-in. casting has 4 in. of penetrated metal. 

3. For each height of casting there is a temperature 
below which further reduction of temperature has lit- 
tle effect on penetration. Raising the pouring temper- 
ature above this temperature, however, produces in- 





Fig. 4—Section of penetrated green sand core; 30-in. 
casting, poured at 2900 F. (Outside edge of casting at 
left, ingate side at right.) 
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Fig. 5—Photo shows effect of metal head and tempera- 
ture. Green sand cores. 


creased metal penetration. Thus the degree of pene- 
tration of the first and second vertical rows of castings 
in Fig. 5 is about the same, despite the difference in 
pouring temperature. However, the 50-degree increase 
between the second and third rows increases the pene- 
tration noticeably. 

4. Within the temperature range of 2800 to 3100 F, 
and the pressure range obtained between heights of 5 
to 30 in., it would appear that pressure is the more 
potent factor causing metal penetration. The 5-in. 
casting has to be poured at 3100 F to produce burn-on, 
whereas at 2800 F increasing the height of the casting 
from 5 to 30 in. is enough to cause approximately 14-in. 
penetration. 


Effect of Core Composition 

In this series, casting heights of 24 and 30 in. were 
used. These two heights permitted full comparison of 
the cores tested at 2850 F. Mixtures were made with 
New Jersey No. 57 sand. Some of the cores were coated 
with a silica flour wash; the rest of the cores were used 
in the unwashed condition. The properties of these 
cores are shown in Appendix III. 

Seven different core types were used: 
Green Sand, (Mix No. 5) 
Oil sand unwashed, (Mix No. 7) 
Oil sand washed (Mix No. 7) 
Dry sand 5% Bentonite unwashed, (Mix No. 5) 
Dry sand 5% Bentonite washed (Mix No. 5) 

6. No. 57 sand plus silica sol binder unwashed, (Mix 
No. 6) 

7. No. 57 sand plus silica sol binder washed, (Mix 
No. 6) 

The cores bonded with silica sol were prepared to 
determine the behavior of cores made entirely of silica 
and no other additions. The method of preparing the 
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cores, which is not recommended for industrial use, is 
shown in Appendix II. 

The cores used with the 24-in. casting (first vertical 
row left in Fig. 6) can be arranged in the following 
order of merit: 

1. Washed silica sol binder, 

2. Unwashed silica sol binder, washed dry sand 5 
per cent bentonite, 

3. Washed oil sand, 

4. Green sand, 

5. Unwashed dry sand 5 per cent bentonite, 

6. Unwashed oil sand. 

With the 30-in. casting (second vertical row right in 
Fig. 5) the washed silica sol core gave the best results. 
The green sand cores were next best, but all the othe: 
penetrated badly. 

It is interesting to note that the green sand was bet 
ter than the unwashed oil sand and dry sand cores. 
Furthermore, although the wash is effective at lowe: 
ferrostatic pressures, it loses most of its effectiveness as 
the pressure is increased. 


Effect of Silica Flour Additions 


In order to determine the effect of silica flour addi- 


EFFECT OF CORE COMPOSITION 
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Fig. 6—Photo shows effect of core composition. 
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tions in green and dry sand mixtures, 36-in. castings 
were employed at a pouring temperature of 2850 F. 
New Jersey No. 57 sand, bonded with 5 per cent ben- 
tonite, was used in preparing the following core mix- 
(ures: 

No. 1—10 per cent silica flour, 

No. 2—25 per cent silica flour, 

No. 3—50 per cent silica flour, 

No. 4—10 per cent silica flour plus 1.0 per cent iron 


oxide. 


EFFECT OF SILICA FLOUR ADDITIONS 
BENTONITE 
SSOF 56-IN 


SREEN 


Fig. 7—Photo shows effect of silica flour additions. 


Ped 


Figure 7 illustrates the improvement in the resistance 
to penetration obtained with No. 2 and No. 3 cores 
containing 25 and 50 per cent silica flour respectively in 
both the green and dry sand cores. The No. 2 green 
sand core is better than the No. 2 dry sand core. The 
No. 3 cores having 50 per cent silica flour gave a very 
smooth surface in both the green and dry sand condi- 
tion. 


Metallographic Examination 


Samples were cut vertically through the center of 
the cores along the center line of the casting. These 
samples, which were taken from the side adjacent to 
the ingate, were mounted in bakelite and polished. 
The parent metal and the metal penetration compact 
(if any) are shown in the photomicrographs (Fig. 8 to 
19 inclusive, except Fig. 12) taken at 75 diameters. 

Figure 8 illustrates the sand, metal and slag of the 
metal penetration compact at the air surface for the 
oil sand cores poured at 2800 F in a 30-in. casting. 
Severe penetration has occurred. Figure 9 is from the 
same sample, but at the metal surface. It will be ob- 
served that at the metal surface no slag is present, only 
sand and metal. Figures 10 and 11 are views of the 
penetrated compact of a green sand core. This core 
was used in a 30-in. casting poured at 2800 F, and was 
penetrated about 14 in. Near the air surface of the 
penetrated compact (Fig. 10) slag is present as well as 
sand and metal; but near the metal surface (Fig. 11) 
only sand (fused probably due to bentonite) and metal 
are present. 

The slag occurrence in all the penetrated samples 








Fig. 8—Photomicrograph of air surface of penetrated 

compact of 30-in. casting poured at 2800 F. The metal 

is white, slag is light gray, sand is slate gray and voids 
are black. Oil sand. 75X. 





Fig. 9—Photomicrograph of metal surface of penetrated 
compact of 30-in. casting poured at 2800 F. The metal 
is white, sand is slate gray and voids are black. 

Oil sand. 75X. 








Fig. 10—Photomicrograph of air surface of penetrated 

compact of 30-in. casting poured at 2800 F. The metal 

is white, slag is light gray, sand is slate gray and voids 
are black. Green sand. 75X. 





Fig. 11—Photomicrograph of metal surface of pene- 

trated compact of 30-in. casting poured at 2800 F. The 

metal is white, sand is slate gray and voids are black. 
Green sand. 75X. 


examined was similar to that observed above. This was 
true of oil sand, green sand, and dry sand in the pour- 
ing range of 2800 to 3100 F. In all cases slag occurred 
only near the air surfaces, either of the metal itself 
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(where no penetration occurred) or of the penetrated 
compacts. No slag was observed near the surface of the 
metal when it was covered with a mass of penetrated 
sand. Figure 12 is a sketch illustrating the above. 

These observations suggest the following possibili- 
ties: 

1. The slag was formed and built up ahead of the 
metal while it was penetrating. 

2. The slag was formed by a reaction between the 
oxidizing fingers of metal and the sand after the pene- 
tration had occurred. 


The influence, if any, of the slag (probably fayalite) 
on the penetrating action of the metal is not known. 
The work of Hoar and Atterton? appears to indicate 
that the slag, if it is considered to be fayalite, has at 
most a minor influence on inducing penetration, as 
they found that metal will not wet either sand or faya- 
lite. In fact, these investigations? have shown evidence 
that slag helps to prevent penetration by plugging the 
voids. 


PENETRATION COMPACT 


APPROXIMATE REGION 
WHERE SLAG WAS 
OBSERVED. 














Fig. 12—Position of slag occurrence. 





Fig. 13—Photomicrograph of metal surface of pene- 

trated compact of 30-in. casting poured at 3050 F. The 

metal is white, sand is slate gray and voids are black. 
Oil sand. 75X. 
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Fig. 17—Photomicrograph of mold-metal interface of 

5-in. casting poured at 2800 F. Metal is white, slag is 

light gray, sand is slate gray, voids are black and bake- 
lite is mottled gray. Oil sand. 75X. 




















Fig. 14—Photomicrograph of metal surface of pene- 

trated compact of 24-in. casting poured at 3050 F. The 

metal is white, sand is slate gray and voids are black. 
Green sand. 75X. 





Fig. 18—Photomicrograph of mold-metal interface of 
5-in. casting poured at 2800 F. Metal is white, sand is 
slate gray and bakelite is mottled gray. 
Green sand. 75X. 





Fig. 15—Photomicrograph of mold-metal interface of 

5-in. casting poured at 3100 F. The metal is white, slag 

is light gray, sand is slate gray, voids are black and bake- 
lite is mottled gray. Oil sand. 75X. 





Fig. 19—Photomicrograph of mold-metal interface of 

5-in. casting poured at 2800 F. Metal is white, slag is 

light gray, sand is slate gray, voids are black and bake- 
lite is mottled gray. Dry sand. 75X. 


Figure 13 (oil sand 30-in. poured at 3050 F) and 
Fig. 14 (green sand 24-in. poured at 3050 F) show the 
fused sand adjacent to the parent metal. This fusion 





Fig. 16—Photomicrograph of mold-metal interface of is caused by the high pouring temperature. There was 
5-in. casting poured at 3100 F. The metal is white, sand no such continuous fused layer at the surface when the 
is slate gray and bakelite is mottled gray. same cores were penetrated at a lower temperature (see 


Green sand. 75X. Fig. 9 and Fig. 11). It should be stated that despite this 
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fused surface layer more severe penetration occurred 
at the higher temperature. The possible relationship 
of this fused layer to penetration and peel is discussed 
below. 

Figures 15 and 16 compare the oil sand and green 
sand cores in 5-in. castings poured at 3100 F. It will be 
noted that under these conditions the green sand core 
was worse than the oil sand. 

Figures 17, 18 and 19 compare the results from 5-in. 
castings poured at 2800 F using oil sand, green sand, 
and dry sand cores respectively. It will be observed that 
there is a continuous layer of slag on the metal adja- 
cent to the dry sand core. The oil sand core showed a 
discontinuous and porous slag layer. Little slag was 
observed with the green sand cores. Of the three cores, 
the dry sand core appeared to give the smoothest con- 
tour. 


Possible Mechanism of Metal Penetration 


Based on this work and that of other investigators 
a possible mechanism of metal penetration may be 
postulated. What happens. when the metal comes in 
contact with the sand? It is believed that the mecha- 
nism may vary somewhat under different conditions as 
shown below: 

1. Take the case where the metal is cold and there 
is no appreciable head on the casting. The probability 
is that a smooth surface will result due to the fact that 
the metal freezes immediately as it comes into contact 
with the cold sand. It is possible for fayalite or slag 
to form on interaction between the metal and the sand, 
but the fayalite peels off since there are no metal prongs 
holding it to the casting surface. 

2. Suppose hot metal is poured into a casting hav- 
ing no appreciable head. As the metal makes contact 
with the sand, some sand fusion occurs. This will cause 
some voids to appear in the sand. The hot metal will 
remelt any skin that is formed and then will penetrate 
into the sand voids. The extent of the metal penetra- 
tion will depend on the size of the voids, and the depth 
to which the sand is heated above the freezing point of 
the metal, and possibly on the metal surface tension * 
and fluidity. 

3. If cold metal and a high ferrostatic head is used, 
the pressure can force the metal into the interstices of 
the sand core without any fusion occurring. Here a 
finer sand should help to prevent penetration. 

4. If hot metal and high ferrostatic heads are used 
the voids created, due to sintering or incomplete fusion 
of the sand, together with the pressure, will produce 
metal penetration. 

Should a completely fused sand face be produced by 
high pouring temperatures then it is reasonable to ex- 
pect no penetration. If there were any discontinuities 
whatsoever then penetration would probably be more 
severe than at lower pouring temperatures. The follow- 
ing factors would tend to increase the penetration: 

1. Possible lower surface tension of the hot metal, 

2. The metal being fluid for a longer period of 
time, and 

3. The possibility of a zone of larger voids in the 
sand, where agglomeration due to partial sintering has 
occurred behind the fused layer. 

In cases where metal has penetrated through a con- 
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tinuously fused layer of sand, as in Fig. 13 and 14, the 
penetrated compact might reasonably be expected to 
separate easily from the metal, except in internal cavi 
ties where it would lock itself in. This view is supported 
by the fact that metal has been observed in compacts 
which were easily peeled from outside casting surfaces 

Hoar and Atterton? found that for three different 
sands the amount of pressure necessary to cause pene 
tration by tin decreased with increasing pouring tem- 
peratures up to 1650 C (3000F). Above this tempera 
ture, the pressure required to cause penetration in- 
creased sharply as complete fusion of the sand formed 
a glassy surface. These results have not been confirmed 
in this investigation (see Fig. 5). Three possible ex- 
planations may be advanced to account for difference: 

1. The larger surface area exposed by our core 
might make it more difficult to produce a continuous 
fused surface. 

2. The techniques of applying temperature and 
pressure differ for the two methods. The method used 
by Hoar and Atterton might tend to present a fused 
surface to the metal before pressure is applied. 

3. Perhaps with the sands used in this investigation 
the maximum temperature tested was not high enough 
to produce a completely fused layer. 


Summary 


1. Green sand cores can be stored at least 2 hi 
at 100 per cent relative humidity without appreciable 
change in the moisture content. 

2. A wire was rammed into each of the 114-in. di- 
ameter by 2-in. green sand cores in order to tie the 
cores down in the mold cavity. 

3. As an added safety precaution, a thicker base 
core was used than was employed in the previous oil 
sand work.! 

4. For green sand cores it was found that: 

a. The higher the ferrostatic pressure the lower 
the pouring temperature at which complete 
penetration was obtained. 

b. For the same temperature in¢éreasing the cast- 
ing height increased the metal penetration. 

c. For each casting height there appears to be a 
temperature below which further reduction 
of temperature has little effect on penetration, 
but above which increased temperature pro- 
duces increased metal penetration. 

d. Within the ranges of temperature (2800 to 
3100 F) and pressures (heights of 5 to 30 in.) 
tested, it would appear that pressure is the 
more potent factor causing metal penetra- 
tion. 

5. a. With the limited number of tests carried out 
the washed silica sol core used gave good re- 
sults up to 30 in. This core penetrated com- 
pletely at 36 in. 

b. Green sand cores were better than unwashed 
oil sand and dry sand cores. 

c. Although the wash was effective on the oil 
sand and dry sand cores at lower ferrostatic 
pressures, it lost most of its effectiveness as 
the pressure was increased. 

6. The addition of 50 per cent silica flour gave a 
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very smooth surface in both the green and dry sand 
condition at a height of 36 in. 

7. Metallographic examination revealed slag at the 
vir surface of the penetrated compact but not at its 
etal surface. 

8. There was a fused layer of sand adjacent to the 
metal when penetration occurred at higher tempera- 
ture, but none at lower temperature. This fused layer 
did not prevent the metal penetration from being 
ereater at the higher temperatures. 
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APPENDIX I—SCREEN DISTRIBUTION OF NEW JERSEY 
No. 57 SAND 





U. S. Screen No. Per Cent Retained 
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APPENDIX II—Mrxtures Usep IN PENETRATION TESTs 








Moisture 18% 
Mix Per Bent- Silica Iron Silica 
No. Cent Sand onite Cereal Oil Flour Oxide Sol 
l 4.6 1800 100 200 
2 5.0 1500 100 500 
3 7.0 1000 =100 1000 
4 5.0 1800 100 200 20 
5 4.0 2000 100 
6 2000 See note 

below 

7 4.0 2000 20 20 


Note: The cores bonded with silica sol were prepared to deter- 
mine the behavior of cores made entirely of silica with no other 
addition. The method of preparing the cores, which is not recom- 
mended for industrial practice, was as follows: 

Test cores were prepared from sharp sand tempered to 4 per 
cent moisture with a solution which contained 18 per cent silica 
by weight. The cores were dried and resaturated with a silica sol 
solution to which had been added an accelerator consisting of a 
10 per cent solution of ammonium chloride added to the silica 
sol in the ratio of 9 parts of sol to 1 part of ammonium. chloride. 
The accelerator was added to prevent the silica from migrating 











30 0.5 to the surface of the cores on drying. After the gel had set the 
40 22 cores were again dried. 
50 11.7 
70 39.5 
100 38.8 C. E. WENNINGER: ? I would like to ask the author whether 
140 6.0 he tried to counteract pressure with pressure. Did he try to 
200 0.8 increase moisture to see if it would create a little more steam 
270 0.3 head with possibly a little more interior pressure being exerted 
Pan 0.1 against the metal? 
A.F.S. Clay Nil Mr. GERTSMAN: No, we have not tried that at all, but that 
brings up Mr. Locke’s paper in regard to mold gases. (Charles 
ApPENDIX IIJ—Properties OF Core MIXTURES 
Green Dry Hot Strength, 30-lb Weight of 
Compres- Compres- Flowa- psi Collapsi- 114 in. 
Mois- Green sive sive bility (12 min) bility Dry 
Mix ture, Permea- Strength, Strength, Dietert 2000 F, Specimen, 
No. % bility psi psi No. 1000 F 2000 F sec grams 
1 4.6 99 4.8 112 83 238 220 49 
2 5.0 39 8.7 182 75 485 830 53 
3 7.0 rH | 12.2 208 2 648 985 55 
4 5.0 80 6.3 148 85 296 562 50 
5 4.0 138 4.2 93 87 128 502 49 
6 178 0.43 10 90 24 80 48 
7 (a) 4.0 88 0.59 (b) 92 32 18 49 


(a) Oil sand baked 450 F for 40 min. 


(b) Baked tensile strength 185 psi. 





DISCUSSION 


Chairman: J. A. RAssenross, American Steel Foundries, East 
Chicago, Ind. 

J. B. Catne:' Mr. Gertsman stated that the test is a very 
severe test. I think there are many castings we are having 
trouble with today in production in which the penetrating con- 
ditions are more seyere than in this test. Mr. Gertsman has 
shown when the sand-metal ratio ts low, pressure is the major 
cause of penetration. This checks out in practice where you 
have very small cores surrounded by let us say, 10 or 12 in. of 
metal with easily 6 ft of hydrostatic head on large castings. We 
know that such cores will penetrate completely. Perhaps we 
need to study the resistance of sand to penetration under even 
more severe conditions. 

Mr. GERTSMAN: ‘The only reason I mentioned that we have a 
very severe test is that in most cases where you are dealing with 
green sand you have a large surface of green sand facing the 
metal. Here we have a small core with very little surface or 
volume, surrounded completely by metal. Of course, when you 
are dealing with re-entrant angles you are correct, you have a 
‘ery severe condition whether it is green sand or not. 


Locke and R. L. Ashbrook, “Nature of Mold Cavity Gases,” 
A.F.S. TRANSACTIONS, vol. 58, pp. 584-594 (1950). I believe he 
showed in one of his charts that the counteracting pressure due 
to gas evolved from the mold was in the neighborhood of about 
6 in. of steel head. Your suggestion however is a good one and 
should be tried. 

V. E. ZANG:* I have used this particular test to evaluate core 
mixes and found it applicable to shop practice. We went one 
step further by inserting a test core into the runner and into 
the down sprue to test erosion on those core mixes. We found 
that we get very good cores in regard to penetration but we 
can erode them very fast. 

Mr. GERTSMAN: This casting as it was designed was set up 
solely for metal penetration. You have put in an improvement 
which I think is a very good one. You are going to be able to 
determine whether you have a core mix that is satisfactory 
for metal penetration and also whether it is satisfactory for 


1 Foundry Consultant, Wyoming, Ohio. 
2 Professor, University of Kentucky, Lexington, Ky. 
* Vice President, Unitcast Corp., Toledo, Ohio. 
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erosion, this latter being indicated by the core which you have 
put in across the runner. You then know whether you can use 
that core mix at a point in the casting where erosion conditions 
occur, or whether you can only use that core mix in a casting 
where erosive conditions are not present. 

T. W. Curry:* Recently we have been doing some experi- 
mental work on gating and penetration has come into the 
investigation very strongly. We have been doing some work 
with the gating procedures that Mr. Dietert prepared in 1937 or 
1938. We find that in our gray iron foundry, and we have 
reason to believe that it would be possible to determine this in 
any other foundry, that the rate of pour, i.e., the pounds per 
second of pouring rate for a given metal is very important from 
the standpoint of penetration. I would like to add that as a 
suggestion for further work on this study of penetration. 

Since October, 1950, we have been able to place about 100 
different castings on our gating and risering chart. In no in- 
stance have we found an increase in cleaning time. We have as 
high as 36 per cent reduction in cleaning time, and the reduc- 
tion has been the result of reduced penetration. 

I am referring in one case to a 170-lb drum with a green sand 
core 14 in. in diam. In this particular case it was necessary for 
us to build a new pattern because we had eliminated all swell 
and burned-on sand. When we adjusted the pouring rate in 
pounds per second, penetration almost completely disappeared 
on production runs of 5,000 castings. As far as perceptible swell 
prior to gate change that you could determine as a lump or a 
knot or some such flaw on the castings, there were none present. 
There was a perceptible overall swell to bring the casting to 
the proper dimensions and the swell was accompanied by 
penetration. 

We have had several other castings where we have 14 to 16-in. 
high walls and only 14-in. sections—I am speaking of the typical 
motor-frame type of castings—and we had penetration to great 
extent even in the 14-in. sections. They have been greatly 
improved by gating but penetration has not been entirely 
eliminated. 

We believe that penetration can be greatly reduced if a study 
is made of the fluidity characteristics of the metal you are 
working with and if you will determine the proper rate of flow 
into the mold. 

Mr. GERTSMAN: As far as rate of flow is concerned, I think 
that might have something to do with the corrosive action. In 
regard to fiuidity, Hoar and Atterton in England, dealing 
with steel, have shewn that fluidity does not have much effect on 
metal penetration. It should be stated however, that this was 
shown by a mathematical attack and as with all mathematical 
attacks, it should be taken with some reservation until more 
facts are established. 

Mr. WENNINGER: If you reduced the gate area it would take a 
longer time to fill your casting. Do you not believe you would 
probably show more penetration due to having a longer time of 
heat transfer? 


+ Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 
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there is sufficient pressure available to cause the metal to pen 
trate, then if the core heats up so that the thickness of th 
core which is above the melting point of the metal is increased! 
then you would expect the metal to travel greater distance: 
within the pores of the sand and the penetration compact 
be greatly increased. 

CHAIRMAN RASSENFOsS: There is one other possibility too, a, 
Mr. Curry mentioned, the kinetic energy of the molten metal. |! 
would be interested in knowing what were the differences, Mi 
Curry, between good and bad pouring rates on the particula: 
casting you mentioned. 

Mr. Curry: The 170-lb drum was poured in about 20 sec and 
we increased the pouring time to 31 sec. Insofar as penetration 
is concerned, in reply to the last remark, I cannot visualiz 
taking a metal with a melting point as high as steel and cast 
iron would have and placing it against a mold face without 
getting some thin chilling effect on that surface. I think that 
is where our results have been centered, because we have been 
able to improve the finish from green sand cores and mold walls 
by the rate of flow, and drastically so. The temperature of the 
metal in the mold cavity when you restrict the pouring rate 
down to that which would be compatible with its fluidity chai 
acteristics is lower. I am sure that the metal going into the 
mold from the gating system would have a lower temperature 
in the mold than what it would be with the very rapid type ot 
pour. I do not believe that a skin chill, if a very thin one exists, 
would be as heavy in the case of a rapid pour as that of a rela 
tively slow pour within the range of the fluidity of the metal. 

MR. GERTSMAN: I want to point out that if a skin forms and 
gets thick enough so it does not remelt, then you cannot have 
metal penetration, i.e., if it is thick enough to withstand the 
particular effective pressure. Insofar as gray iron is concerned, 
I might say that we carried out a series of tests on the effect 
of pouring temperatures at different heights and we found that 
there is very little effect of pouring temperature on the penetra- 
tion of gray iron at different heights. We found, however, that 
for the same temperature, increasing the height, produced 
metal penetration when we used coarse sands. When fine sands 
(175 A.F.S.) were used. we went up to 44 in. in height, which is 
the limit of our facilities and no penetration occurred. Tempera- 
ture did not have much effect on the penetration characteristics 
of the cores which we tested for gray iron. 

Pressure did have an effect similar to that observed with 
steel, but we had to use coarse grain sands in order to produce 
penetration for the maximum height which our facilities allowed 
to use. 

MR. CAINE: I think Mr. Curry has expressed an important mis- 
conception of metal flow regarding this formation of a skin. 
There is abundant evidence today from all the motion pic- 
tures of metal flow that a skin does not form immediately, while 
metal is in motion. It has been checked and rechecked that a 
skin does not form on discontinuous flow because you can see 
the sand when it is uncovered, or the metal runs off of it. 








Mk. GERTSMAN: If there is a longer time for heat transfer an:' 

















SIEVE ANALYSES OF SILICA SANDS 


A. I. Krynitsky and F. W. Raring* 


A STUDY OF SIEVE ANALYSES of silica sand was 
undertaken to determine the precision of the Ameri- 
can Foundrymen’s Society fineness test for foundry 
sands. The primary purpose of the investigation was 
to determine whether the type of sieve shaker used 
has any significant effect on the analytical results 
for a given sample, and the reproducibility of a 
sampling technique. 

The effect of various factors on the results of par- 
ticle size determinations made by means of sieving 
tests has been investigated and the results described 
in several publications. Shergold! investigated the 
effect of sample size and has made recommendations 
which were adopted in the most recent British stand- 
ard method for sieve analysis. 

MOrtsell? has reported on a series of experiments 
involving types of sieves, sample size and sieving time 
effects, comparative tests with different types of sieve 
shakers, and reproducibility of sieve analyses. Fahren- 
wald and Stockdale* investigated the relative effi- 
ciencies of several types of sieve shakers, and Swin- 
ford* has presented a statistical treatment of data 
obtained with vibratory and rotary type sieve shakers. 
For further details see FouNpry SAND TEestinG HANp- 
BOOK, 1944 ed., published by American Foundrymen’s 
Society, 616 S. Michigan Ave., Chicago 5, III. 


Materials and Testing Techniques 


The sand used in the experiments was a washed 
New Jersey silica sand with an A.F.S. fineness of about 
70 and with a particle size distribution (average per- 
centage retained on different sieves) as indicated in 
Table 1. 

The A.F.S. fineness number is obtained by using the 
standard A.F.S. set of 11 sieves. It is computed by 
multiplying each weight fraction percentage by a 
factor, adding the products and dividing the total 
product by the total percentage of retained sand par- 
ticles on the different sieves. The multiplying factors 
are as follows: 


U. S. Series U. S. Series 


Sieve No. Multiplier Sieve No. Multiplier 
6 3 70 50 
12 5 100 70 
20 10 140 100 
30 20 200 140 
40 30 270 200 
50 40 Pan 300 


A 5000-gram batch of this sand was prepared by 
drying at room temperature for 18 hr, passing through 
a No. 8 sieve six times and through a riffle eight times 
in order to mix the sample thoroughly. The sand was 
then spread on a sheet of glossy paper to a thickness 
of about one inch and covered to prevent dust 





* National Bureau of Standards, Washington, D. C. 


accumulation. Samples were drawn with a spatula in 
such a way that each sample represented many sec- 
tions of the heap. Sample size was fixed at 50 grams 
and all samples were dried at 105 C prior to analyzing. 
Although this sampling procedure was used for the 
convenience of the authors it is recognized that it 
may not be the most accurate reducing procedure. 

One set of sieves was used in all cases, sieving time 
was fixed at 15 min, and techniques followed in col- 
lecting sieve fractions were kept constant throughout. 
One extra precaution was to place the empty sieves 
in the sieve shaker prior to every analysis, subject 
them to a 15-min period of shaking, and remove any 
particles knocked loose. It was reasoned that this 
precaution would minimize sample contamination 
from partially blinded sieves. 

Two commonly-used types of sieve shakers were 
used in the experiments: type (A) sieve shaker accom- 
plishes sieving action by eccentric rotation and tap- 
ping. The nest of sieves is rotated at the rate of 285 
rpm and tapped at the rate of 150 blows per min. 
This apparatus is driven by a 4-hp motor to which 
both the tapper and rotating shaft are geared, and 
is controlled by an automatic time switch. Type (B) 
shaker (Fig. 1) consists of a suspended wooden frame- 
work into which the nest of sieves is clamped, and 
with a 1/6-hp motor mounted on top. The motor 
drives an unbalanced wheel at the rate of 860 rpm, 
which causes oscillation of the entire assembly and 
sets in motion tappers mounted on the sides. 

Difficulty was at first encountered with this appara- 
tus in that the individual sieves tended to rotate 
relative to each other while the shaker was in opera- 
tion. The result was that metallic particles were 
ground from the contacting surfaces of the sieves; 
these particles entered the sample and, being very 
fine, were retained on the No. 270 sieve or the pan. 
This source of error was eliminated by bracing the 
nest of sieves with an aluminum strip (Fig. 2) which 
did not interfere with the operation of the apparatus 
but held the sieves in the same relative positions. 


Procedure and Results 


The reproducibility of the sampling technique em- 
ployed was determined by analyzing 16 samples and 
applying statistical methods to the interpretation of 
the data. These samples were drawn one at a time 
without mixing the batch between drawings. The 
analyses were made with a type (A) sieve shaker 
and the data are tabulated (Table 1) in terms of 
both A.F.S. fineness numbers and percentages retained 
on the individual sieves. 


The A.F.S. fineness number system of describing 
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the particle sizes present in a saud has been criticized 
because of the wide latitude of particle size distribu- 
tions possible with any one specific fineness number. 
This shortcoming is of no importance in this investi- 
gation, however, because all samples were of the same 
type of sand and were.as nearly alike as the sampling 
technique permitted. The A.F.S. fineness number sys- 
tem is used in this study because it is a convenient 
method of epitomizing groups of data and simplifying 
their interpretation. 

The method used in the interpretation of the data 
can be briefly explained as follows: Indeterminate 
errors are of varying magnitude for a series of observa- 
tions. The positive errors, reckoned from the mean 
or average for the series, must balance the negative 
errors and the algebraic sum of all deviations from the 
average is zero. The limits of these errors and the 
frequency of occurrence of an error of given magni- 
tude can be determined with the data from a few 
observations in terms of the standard deviation of 
the entire series from the mean or average value. 
The standard deviation can be expressed mathemat- 
ically as follows: 

om / (% — x) + H2— XP +... + Km — XP 

m : oy eee 
where o = standard deviation 

X = average or mean value of all observations 

X1, Xg, Xg, X, = Values of individual observations 

N = number of observations. 

According to accepted statistical methods the limits 
of a large number of subsequent observations, made in 
the same way, in terms of the standard deviation are 
x + o for 68.3 per cent of all observations, xX + 2 o for 
95.6 per cent of all observations, and X + 3 o for 99.7 
per cent of all observations. A complete explanation 
of the method used here can be found in a standard 
text on statistics such as Simon’. 








Table 1 -- Data on 16 Samples Analyzed With a Type "'A'"' Sieve Shaker 
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Data obtained in the experiments (Table 1) yield 
an average A.F.S. fineness number of 70.5. The stand- 
ard deviation from this average calculated from the 
formula above is 0.8. 

By the process outlined in the foregoing the limits 
of a large number of subsequent analyses made by the 
same procedure are as follows: 


Limits Percentage of Total 
x+ gor70.5 +08 68.3 
X + 2¢ or 70.5 + 1.6 95.6 
X + 3¢ or 70.5 + 2.4 99.7 


For practical purposes the largest error which can 
be expected is therefore + 2.4 A.F.S. fineness numbers 
or + 3.4 per cent. This error is due to both sampling 
and sieving. It should be emphasized that these limits 
apply when sigma is estimated from a large number 
of observations and strict adherence to them cannot 
be expected. The histogram (Fig. 3) of A.F.S. fineness 
number versus frequency shows the grouping of the 
experimental data (type A shaker) about its average. 


Fig. 1 (left)-Type (B) 





sieve shaker showing 





Retained on U. S. Sieve, per cent A.F.S. ; 

Sample No. No. No. No. No. No. No. No. No. Fineness method of suspension 

No. 20 30 40 50 °&# 70 100 140 200 270 Pan Number and set of sieves in place. 

18 «= 0.00.4 «2.0 8.5 34,8 33.3 13.8 45 1.3 0.9 70.5 Fig. 2 (below)—Nest of 

-hei 7 he 

19 aj) 03 19 Eb OS COM 008 OO? 2.8 OS 70. 6 half height sieves and t 

bracing arrangement used 

20 eas a3 Rie Sad ‘See ee ORS hs 71.5 to prevent turning of 

21 0.1 0.3 2.0 8.5 33.4 34.7 14.4 45 1.3 1.0 71.1 sieves during operation. 
22 0:8) Os”. 220! 0.9% 98.2 296 260-42 22 ie 70.2 
23 0.0 0.4 2.48 9.6 35.8 33.0 13.2 3.9 1.2 0.8 69.0 
24 3 63 1.7 Vib 99.0 94.7 12:0 4S 2.5 1.0 72.5 
25 } £3 GO Be 6 SE US 4S 14 16 71.4 
26 C8 RO SRR SW O68 TRA) eO- 4.8 70.4 
27 ct Cs 29 62? Be Re 186 4S RS US 70.3 
28 0.1 0.4 2.1 8.9 34.5 33.8 14.0 41 1.3 -0.9 70.2 
29 Qt 84 28. RF ‘se OAs 908 a2 2K 70.2 
30 éf &3 iv OT BES M2 4 4 2.8 89 70.6 
31 aa 23 BO O29 hd 86 C444 42 BE. O80 69.6 
32 0.1 0.3 2.0 9.0 34.9 33.6 13.7 4.3 1.3 0.9 70.2 
33 eo O¢ 214 20 he DO Be 42 8 69. 6 
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reasons explained in the reference. The standard 
deviation as calculated from the data is 0.1 A.F.S. fine- 
with Type (A) Sieve Shaker ness numbers. It has already been mentioned that 
according to statistical methods for practical purposes 


Table 2 -- Data on Repeated Analyses of One Sample 











U. S. Sieve Analysis Number ; : 
No. the largest error of determinations may be accepted 
1 © 4 5 6 as being equal to + 3e. Accordingly this error of type 
For Can Reaniaes (A) apparatus is + 3 x 0.1 — + 0.3 fineness numbers, 
20 0.0 0.0 0.0 0.0 0.0 i.e., approximately + 0.4 per cent with reference to the 
70.5 A.F.S. fineness number (Table 2). 
30 0.4 0.3 0.3 0.3 0.3 
Compare Test Machines 
40 2.0 1.9 2.1 1.9 2.0 


The procedure followed in checking the correlation 
50 8.5 8.5 8.6 8.6 8.5 of results of analyses between the two types of sieve 


| 

} 

| 

| shakers was to make two analyses of nine samples. For 
70 34.8 34.6 33.8 34.0 33.7 





all nine samples, the first analysis was made with a 
100 33.3 34.1 34.2 33.9 34.3 type (A) sieve shaker, and the second analysis was 
made with a type (B) sieving machine. The data per- 
7 8 BA, BS ee Oe taining to these experiments are given in Table 3 and 
id 200 4.5 4.4 - 4.4 4.4 presented graphically in Figs. 4 and 5. These data 
d- 
; : ‘ : : SIEVE NUMBER 
ve 270 1.3 1.4 1.4 1.4 1.4 P i ae oo 
Pan 0.9 0.9 0.9 0.9 0.9 
ts 100}- 
ie A. F.S. Fineness No. 
70.5 70.7 70.9 71.0 7.1 sob 
il NOTE: There was reason to believe that the results 80r- 





of analysis No. 3 were erratic. Therefore, they were Qe «TYPE A 
































: 
x 
not taken into consideration. B79F dani tie’ 
b 60 
n - , : : 
‘ I'he process followed in checking the error intro- « 5° 
. duced by the sieve shaker was to make repeated anal- @ 
. yses of one sample and check the reproducibility. y “? 
r The data of this test are presented in Table 2. One 30 
" sample was analyzed six times using the type (A) sieve > 
. shaker. The results obtained give some indication 370 
. that there is a very slight increase in the fineness num- 10 
ber of the sample with each analysis. When this rela- i 
tion was plotted (A.F.S. fineness number versus analysis See 100 10 
| number) and the displacements of the points from this L0G SIZE IN MICRONS 
) curve were used to compute an approximate standard , eee 
g deviation it was found that an approximate maximum Fig. 4—Cumulative particle size distribution curves 
” error of the type (A) apparatus is + 0.4 per cent. for the average values of nine samples analyzed with 
: This error may be subtracted from the error due to two types of sieve shakers (see Table 3 and Fig. >) 
f both sampling and sieving to obtain the error due to 
; sampling alone. According to statistical theory the = 
l squares of the deviations are additive; therefore, the , 
f error due to sampling alone equals + \/ 3.42 — 0.4? vs 
= + 3.4 per cent. The sampling error is thus seen to 
E be by far the largest error for these particular test B Se ee 
> conditions. FY 
The calculation of the standard deviation in this a 
vase is made on the basis of statistical theory de- a 
scribed by G. W.-Snedecor*: = 
Ss) 
Ss > (x ee = (x — x)? & 15 
c= —— @ 
10 
where ¢ = standard deviation 
xX = actual fineness number determined s 
x! — assumed true fineness number as determined 
from the curve. o| : 
N = number of determinations. in ated ME *.., mere we 
This method is employed because of the added vari- 
able of prolonged sieving. The summation of the Fig. 5—Data from Fig. 4 are plotted as percentage 


squares is divided by (N — 2) rather than (N — 1) for retained instead of cumulative percentage retained. 








SIEVE ANALYSES OF SILICA SANDs 


Table 3 -- Data on Comparative Analyses of Nine Samples with Two Types ( A and B) of Sieve Shakers 





Per Cent Retained on Sieve 


A. F.S. 
Fineness 








100 











23 
24 
25 
28 
29 
30 
31 
32 0.1 0.1 0.3 0.4 
33 0.0 0.1 0.4 0.4 


Average Per Cent Retained 
0.1 6.1 6.3 0.4 2.0 2.2 


Cumulative Average Per Cent Retained 
0.2 6.2 0.46.5 26 2.6 i. 


93.6 93.9 97.9 98.2 99.2 99.5 100.1 100.1 





present a comparison of the relative abilities of the 
two sieve shakers to separate a sample into its com- 
ponent sieve fractions. The comparison is relative, 
not absolute, because the two pieces of apparatus were 
checked against each other, and not against a fully 


reliable standard. 

The data in Table 3 reveals that the average values 
of the cumulative percentages retained on different 
sieves are nearly the same for both types of sieve 
shakers (Fig. 4). If average percentages retained are 
considered (Fig. 5), it is apparent that a somewhat 
higher percentage was retained on the No. 70 sieve 
in those analyses made with the type (A) sieve shaker 
than in the analyses made with the type (B) sifter. 
On the No. 140 sieve the opposite effect occurred, 
while on all other sieves the differences were slight. 


Test Apparatus Variables 


One would probably suggest that the differences 
between the two analyses of each sample were in part 
due to the effect of prolonged sieving because the first 
15-min sieving on each sample was made with a type 
(A) sieve shaker and the second 15-min sieving was 
made with a type (B) sifter. However, a comparison 
between the results given in Tables 3 and 2 reveals that 
most of the difference between the analyses made with 
two different sieve shakers was caused by the apparatus 
variables and not the sieving time effect. 

For example, Table 3 reveals that the average differ- 
ence in percentage retained on the No. 70 sieve be- 
tween the analysis made with the type (B) sifter and 
that with the type (A) sieve shaker was 2.4 per cent. 
Table 2 shows that the maximum difference between 
consecutive analyses on one sample with a type (A) 
sieve shaker was less than 1.0 per cent for the same 
sieve fraction. 

The data in Table 3 indicate that there are some 
differences in results between the two sieve shakers 
when percentages retained are considered as is shown 


in Fig. 5, but these differences nearly cancel each other 
if data are plotted as cumulative curves (Fig. 4). 
The average A.F.S. fineness numbers for the nine 
samples were found to be 70.4 for the rotary (type A) 
shaker, and 70.6 for the gyratory (type B) shaker. 
Conclusions 

Under the conditions of the analyses made in this 
study the vibratory and rotary type sieve shakers wi!! 
yield approximately the same results on a given sample 
with the same set of sieves. Of nine samples analyzed 
with both types of apparatus, the average A.F.S. 
fineness number for the analyses made with the rotary 
sieve shaker was 70.4, while the average for the 
analyses made with the vibratory sieve shaker was 70.6. 

The maximum sampling error which can be ex- 
pected for the sampling technique used and for the 
conditions of the experiments is about + 3.4 per cent 
in terms of A.F.S. fineness numbers. 
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OXIDATION - REDUCTION 
THE COMPOSITION 


OF MOLTEN 


PRINCIPLES CONTROLLING 


CAST IRONS 


y 
R. W. Heine * 


PART I 


CONTROL OF CHEMICAL COMPOSITION of cast irons 
during melting operations has been considered mainly 
an oxidation problem. Silicon and manganese react 
with oxygen to form oxides that enter the slag. Car- 
bon may react with oxygen and leave the iron as a 
gas, or carbon may be dissolved in the iron from car- 
bonaceous materials such as coke. Chemical composi- 
tion control within limits has been obtained by the 
use of arbitrary correction factors, devised by experi- 
enced foundrymen. However, the simplified view- 
point of oxidation as the only important chemical 
process predominant in the melting of cast irons 
leaves unexplained certain exceptions to the rule 
commonly experienced in the foundry. 

Silicon pickup, a reversal of the oxidation process, 
is a well-known phenomenon often reported. Silica 
reduction rather than silicon oxidation is most fre- 
quently encountered in malleable and steel foundries. 
Since silica and other oxides can be reduced by car- 
bon, it appears that reduction as well as oxidation is 
a factor in the composition changes which may occur 
in the melting of ferrous alloys. The principles in- 
volved in chemical composition changes related to 
oxidation or reduction reactions in molten cast irons 
are considered in this paper. 


Theoretical Basis 


The principle oxidation reactions in melting may 
be written as follows: 
= CO (gas) 
die = - SiO, (solid) 
MnO (liquid) 


O 
2 


Mn + 0= 


When underlined, the symbol denotes the particu- 
lar element dissolved in iron. The above reactions 
are well known. 

Some possible reduction reactions are the follow- 
ing: 


* Asst. Professor of Metallurgical Engineering, Dept. of Min- 
ing and Metallurgy, University of Wisconsin, Madison, Wis. 


** The data assembled by J. Chipman are used. “Chemistry 
at 1600,” ASM, Transactions, vol. XXX (1942). 
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SiO. (s) + 2C = Si + 2 CO §g) 
MnO (1) + € — Mn + CO (g) 
Al,O; (s) + 5 —To + 3CO (g) 
TiO, (s) + % 


= 


Reduction as in Equations 4 through 7 requires 
contact of the molten iron with an oxide-rich mater- 
ial to permit the reactions to go to the right to any 
appreciable extent. Because of the siliceous nature of 
many slags and refractories in cast iron melting, Reac- 
tion 4 is the one of prime importance. Accordingly, 
the phenomenon of silica reduction, Equation 4, will 
be considered first as an example. 

Oxidation Reactions 1, 2, and 3 are usually con- 
sidered to progress more readily as temperature in- 
creases. However, it is also true that reduction, as in 
Equations 4 through 7, begins and progresses more 
readily as temperature increases. Actually both oxida- 
tion and reduction may occur simultaneously. Thus 
the predominating reactions causing composition 
changes are affected by temperature especially, and by 
concentration. As a starting point, the temperatures 
and concentrations which favor Reactions 1, 2, and 3 
or Reactions 4 and 5 may be calculated. Rehder' has 
described some of the factors involved in Equation 4, 
silica reduction, applied to air furnace malleable iron 
melting. These are reviewed and some additional 
principles discussed in the following paragraphs. 

The conditions controlling the reaction: SiO, (s) 
+ 2C = Si + 2 CO (g) may be analyzed with the 
help of thermodynamic data.** The equations and 
energy changes necessary to determine the possibility 
of this reaction are tabulated below: 

Equation AF° = H — AS? T* 
1. C+ 0O0=CO (g) AF° = —8510 —7.52T 
2. Si + 20 = SiO, (s) AF° = —119180 +43.7T 


When Equation 2 is subtracted from twice Equa- 
tion 1, and the resulting equation is rearranged the 
following expression is obtained: 


* Values in calories per mol, temperatures in degrees K, data 
at standard state of 1600 C, 1% C, 1% Si in iron. 
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4. SiO, (s) + 2C = Si + 2CO gg) 
AF° = 102160 —58.74T 


The symbol! 4F° indicates the free energy change oc- 
curring with this reaction at a standard state of con- 
centration and temperature usually employed in ther- 
modynamic calculations. At 1600 C (2912 F, 1873 
K), SF = —7860. The thermodynamic principles 
affirm that with a negative 4F value, reactions should 
progress to the right spontaneously at 1600 C under 
the proper conditions of concentration, i.e., the stand- 
ard state of 1 per cent carbon and | per cent silicon 
in the iron in contact with solid silica and one at- 
mosphere pressure of CO. Under these standard con- 
ditions an increase of percentage silicon and a de- 
crease in per cent carbon in the melt is thus antici- 
pated with the reaction being accompanied by a CO 
evolution. 

The equilibrium temperature for Equation 4 is im- 
portant since the reaction will progress neither to 
right or left at that temperature. Equilibrium obtains 
when AF, = 0. Assuming the effect of temperature 
on 4H and AS to be small, then for Equation 4 when 
AF, = 0, 

102160 — 58.74 T 0 
T = He" &. 
T = 1466° C, 
T 2671° F. 

Thus at 2671° F the reaction should be in equili- 
brium when standard concentration of | per cent car- 
bon and | per cent silicon are present. This tempera- 
ture was found to agree well with experimental 
evidence obtained by E. A. Lange? under the author’s 
direction in the University of Wisconsin Metallurgical 
laboratories. 

Under laboratory melting conditions, the effect of 
molten metal temperatures on the oxidation of car- 
bon and silicon, or the reduction of silica was studied. 
For this purpose, 8-lb heats of gray cast iron scrap 
were melted in an induction furnace having a silica 
crucible. The molten metal was oxidized by holding 
it in contact with air for periods up to 2 hr. Compo- 
sition changes under these conditions were studied at 
a number of different temperatures. The results ob- 
tained are shown in Fig. 1. These curves well il- 
lustrate the temperature dependence of silicon and 
carbon oxidation. At 2680 F, no oxidation of silicon 
occurred over a period of | hr. Below that tempera- 
ture some oxidation occurred while above that temp- 
erature silicon pickup, or reduction of silica from the 
crucible occurred. 

Thus it is seen that the calculated equilibrium 
temperature for Equation 4 even with its limiting 
conditions seems to apply closely to that obtained 
with a commercial gray iron melted in air. The lim- 
ited amount of oxidation of silicon and carbon shown 
in Fig. 1 at a temperature of 2375 F could be due to 
a skin of solid oxides which persists over the melt and 
acts as a protective cover preventing further oxida- 
tion. When the skin is skimmed it immediately re- 
forms. This skin dissolves on heating at about 2550 
F and above that temperature the melt surface is 
clear. Once the surface of the melt is clear, oxidation 
of carbon may begin at the surface and carbon losses 
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as shown in Fig. 1 occur. At temperatures of 2600 to 
2700 F close to the equilibrium for Reaction 4, car 
bon oxidation may proceed independently of silicon 
and in fact reduction of silica at higher temperatures 
results in the melt increasing in silicon simultane 
ously with the oxidation of carbon. 

Since Fig. 1 shows that carbon may be oxidized to 
well below 2 per cent and yet be accompanied by an 
increase in silicon at temperatures where silica re 
duction will occur, it is evident that the concentra 
tion of the carbon in the iron has a vital bearing on 
the extent of the reaction: SiO, (s) + 2 C = Si + 
2 CO (g). High carbon contents would be expected 
to favor reduction while low carbon content might 
permit the reaction to go from right to left or at 
least cause no increase in percentage silicon. The in- 
fluence of various concentrations of carbon and silicon 
on the direction of Reaction 4 may be indicated by 
means of the equilibrium constant. Thermodynamic 
data were employed to calculate the equilibrium con- 
stant. The constant was obtained as follows: 

Si x (CO)? 
K ROR ES 
SiO, (s) x C2 


_AF 

















Time, MIN. 


Fig. 1—Curves showing changes of carbon and silicon 

percentages in a molten cast iron held in a siltca cruc- 

ible in atr and at the temperatures indicated. Induc- 
tion melting was employed. 
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Where R is the gas constant, T is the absolute 
temperature and 4F° is the standard free energy 
change of the reaction. 

\t 1600 C, 


— (—7860) 





log K = 
2.3 & 1.987 « 1873 
K = 8.29 
For the purpose of this investigation it was assumed 
that the effect of temperature changes on 4H is 
small and the K value was calculated for other temp- 
eratures by using the expression following: 


AH 
log Kro = ——— x 
2.3 R 
Equilibrium constants at different temperatures are 
tabulated below: 


‘Temperature 

c- F K value (Equation 4) 

1350 2462 0.121 

1400 2552 0.31 

1466 2671 1.0 

1500 2732 1.76 

1600 2912 8.29 

1700 3092 33.4 
Values of less than 1 indicate the Reaction 4 does 
not progress spontaneously to the right and these 
values occur below 1466 C (2671 F). Substituting 
percentages in the equilibrium constant, Equation 8, 
it may be simplified to the following: 
% Si 

—;or %Si= KX @C. 


% C? “a 


10. iL.< 


This relationship is obtained when it is assumed that 
the melt is in contact with silica and a CO atmos- 
phere. The SiO, and CO then both become 100 per 
cent or | and are cancelled from Expression 8. These 
assumptions are not often justified and other correc- 
tions then must be made before Expression 8 may be 
used. The use of a concentration of | for CO is 
thought to be generally applicable for indicating the 
direction of this reaction because when Reaction 4 
progresses to the right the melt boils and is in direct 
contact with CO bubbles as well as a CO-rich blanket 
which forms immediately over the surface. Actually 
the escape of the CO bubbles and the presence of less 
than one atmosphere CO over the melt means the 
reaction is progressing to the right. The use of a con- 
centration of 1 for the SiO. may be justified in ex- 
perimental work where the melt is in contact with a 
silica crucible. However, in melting conditions when 
silicious slags containing a fraction of SiO, are pres- 
ent, effective concentrations of less than | should be 
entered into Expression 8. Additional correction 
might be made in 10 by substituting chemical activity 
instead of weight per cent of silicon and carbon. For 
the purpose of this paper the simplified viewpoint of 
Expression 10 will be used since it seems to agree with 
the nature of the data. 

With the constants tabulated above and the expres- 


sion Si = K X C?, the percentages of silicon and car- 
bon in equilibrium at various temperatures may be 
calculated and presented graphically. The equilib- 
rium curves are shown plotted in Fig. 2. Since these 
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Fig. 2—Graph showing calculated equilibrium con- 
centrations of per cent carbon_and silicon for the re- 
action SiOz (s) + 2C = Si + 2CO (g) in molten iron- 
carbon-silicon alloys contained in a silica crucible 
under one atmosphere pressure of CO. Solid equili- 
brium curves at various temperatures indicate the re- 
action would progress spontaneously if an excess of 
carbon were present. 


curves present only equilibrium relationships calcu- 
lated from thermodynamic data, their interpretation 
must be hedged, with a view of the assumptions and 
limitations implied. These are briefly, that the metal 
is a molten alloy containing only silicon, carbon and 
iron, that the melt is in contact with solid silica and 
one atmosphere of CO. In spite of the aforementioned 
list of qualifying conditions, the principles involved 
in Equation 4 and Fig. 2 appear to have considerable 
application in laboratory and foundry melting of 
cast irons. Figure 2 may be interpreted with the view 
toward anticipating the direction of carbon and sili- 
con composition changes in molten cast irons. A com- 
position which lies to the left of the curves at temp- 
eratures above 2671 F (1466 C) would be expected to 
increase in percentage silicon and decrease in per- 
centage carbon under the melting conditions previous- 
ly specified. 

In most cast irons more than 2 per cent carbon is 
present so that there is always an excess of reagents 
for the reduction of silica even though a simultane- 





ous oxidation of carbon may occur. This concurrent 
oxidation of carbon and reduction of silica is shown 
by the data of Fig. 1. While silicon pickup in normal 
cast irons might be expected as low as 2671 F the rate 
of increase would be very low. It should be recog- 
nized that Fig. 2 gives no information as to the rates 
of the reaction. Judging from Lange’s data, the rate 
of silica reduction at 2680 F is so slow as to cause no 
change in analysis within the time limits investigated. 
However, when the concentration of carbon is in- 
creased above that present in the cast iron, for ex- 
ample by the presence of coke or graphite in addi- 
tion, silica may be reduced even at the lowest temp- 
erature calculated for spontaneous reaction. 

When the composition of an iron lies to the right 
of the curves of Fig. 2, it might be expected that sili- 
con would be oxidized, since there is an excess of 
silicon over that which would be protected by car- 
bon by Reaction 4, SiO, (s) + 2 C = Si + 2 CO (g) 
This effect is partially indicated in Fig. 1 by the curve 
at 2375 F. 

If the previous viewpoints are valid, it appears that 
the oxidation-reduction principles involved in Reac- 
tion 4 are extremely important in affecting composi- 
tion changes in cast iron melting. The author was 
particularly interested in the application of such prin- 
ciples to commercial cast iron of composition ranges 
encountered in malleable iron melting. Additional 
experimental work was directed at these compositions. 


Experimental Details 


Eight-pound heats of white cast iron sprue were 
melted in an induction furnace lined with a silica 
crucible. The sprue was commercial white cast iron 
obtained from a single air furnace heat, having the 
average analysis of 2.24 C, 1.12 Si, 0.29 Mn, 0.14 P, 
0.09 S, (and no chromium). Temperatures were mea- 
sured with a Pt—Pt 10% Rh thermocouple. The temp- 
erature of the melt was raised to a preselected value 
and it was then exposed to an oxidizing condition 
consisting either of bubbling air through the melt or 
an air blast over the melt. At lower temperatures, it 
was necessary to bubble air through the melt because 
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Fig. 3—Composition history of molten cast iron held 
at 2372 F in a silica crucible. Air at the rate of 0.15 
cfm was bubbled through the metal from a silica tube 
held \% in. below the surface. 
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of the oxide film which persists over the melt. This 
film appeared to prevent the oxidation of carbon and 
drastically inhibited the oxidation of silicon in the 
work of Fig. 1. 
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Fig. 4—Composition history of molten cast iron held 

at 2597 F in a silica crucible. Air at the rate of 0.15 

cfm was bubbled through the metal from a silica tube 
held Y% in. below the surface. 


An air blast of 0.15 cfm over the clear melt surface 
was employed at the higher temperatures to produce 
highly oxidizing conditions and to simulate the at- 
mosphere movement occurring in air furnace melt- 
ing. The air blast was directed tangentially down- 
ward around the refractory in order to obtain pre- 
heating prior to its hitting the melt. During the 
course of each heat made under the above conditions, 
samples for chemical analysis were withdrawn from 
the melt at regular intervals. The samples were ob- 
tained by drawing metal into pyrex glass tubing fol- 
lowed by quenching into water. The metal pins re- 
sulting from this procedure were pulverized for anal- 
ysis. The composition of the melt as a function of 
time at temperature under the oxidizing conditions 
previously described is recorded in Fig. 3, 4, 5, and 6. 


Oxidation of Silicon and Carbon 


A study of Fig. 3 to 6 reveals the tremendous in- 
fluence of temperature and concentration on the oxi- 
dation—reduction reactions prevailing in molten cast 
irons. Considering first Fig. 3, some observations 
which do not appear on the graph must be men- 
tioned. Initially when air is bubbling through the 
metal at 2372 F (1300 C), the melt behaves as though 
an inert gas were being employed. No sparking oc- 
curs but a dry slag gradually accumulates which must 
be removed periodically to prevent crusting over of 
the surface. This slag is mainly the result of oxida- 
tion of the silicon iron and a small amount of man- 
ganese as revealed by the analysis curves in Fig. 3. The 
slags will be considered separately in more detail later 
in the paper. 

As the silicon content of the melt at 2372 F dim- 
inishes below about 0.8 per cent silicon some sparks 
are occasionally noted. When the silicon drops still 
further a percentage is reached where strong eruption 
of sparks suddenly occurs. This violent sparking is 
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caused by an actual carbon boil and is marked by an 
abrupt dropping of the percentage carbon in the melt. 
The marked change in slope of the carbon curve in 
Fig. 3 agrees with visual observation of the time of 
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Fig. 5—Composition history of molten cast iron held 
at 2732 F ina silica crucible. Air at the rate of 0.15 
cfm was directed over the surface of the molten metal. 


beginning of the boil. Coincident with the beginning 
of the boil, a significant change occurs in the slag ac- 
cumulation. The slag changes quickly from a dry, 
flaky material to a very fluid, thin, black slag. At the 
same time the silicon percentage in the melt drops 
quickly to a very low value. 

The heat described above was one where the car- 
bon and silicon percentage was raised by additions 
after melt down. Carbon was raised to that of a typi- 
cal malleable iron air furnace charge. The silicon 
was raised to accentuate the effects of silicon concen- 
tration. To check the sequence of the aforementioned 
observations and to determine possible concentration 
effects, two other combinations of carbon and silicon 
were studied; one with 3.02 per cent C and 1.02 per 
cent Si and another with 3.38 per cent C and 2.53 per 
cent Si. The chemical composition, slag and carbon 
boil changes proceeded in the same manner as pre- 
viously discussed. Since the three heats did behave 
in the same way, Fig. 3 will be considered as illustra- 
tive of silicon and carbon oxidation in molten cast 
iron at 2372 F under the conditions of these experi- 
ments. 

The protective action of silicon in preventing car- 
bon oxidation is well illustrated in Fig. 3. In each of 
the heats made at 2372 F, there was no detectable loss 
in carbon content until the percentage of silicon had 
been oxidized down to about 0.35 to 0.45 per cent 
and a carbon boil began. The mechanism whereby 
silicon may protect carbon is not clear. The _ per- 
sistence of the dry slag and absence of any CO bub- 
bles formation indicates silicon reacts with oxygen 
more strongly than carbon. It was thought that air 
bubbles passing through the melt would overcome 
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the barrier effect previously mentioned, but even this 
did not cause carbon oxidation. It may be that the 
bubbles become immediately coated with the slag. 
However that may be, thermodynamic data offers 
some explanation. Consider the following informa- 
tion: 


(l)C+O=CO @g) AF° =—8510—752T 
(2) Si + 2O = SiO, (s) AF° =—119180 + 43.7 T 


A reaction will occur more positively as —4F be- 
comes greater. It is seen from (1) and (2) above that 
—AF for carbon oxidation increases with increasing 
temperature but —4F for silicon oxidation increases 
with decreasing temperature. Thus according to this 
thermodynamic information the lower the tempera- 
ture the greater tendency for silicon to be oxidized 
and the less the tendency of carbon to be oxidized. 
Data obtained at 2597 F further clarifies this effect of 
temperature. 

The experimental procedure described for the tests 
at 2372 F was repeated at 2597 F. The results are 
plotted in Fig. 4. From Fig. 4, it is immediately evi- 
dent that oxidation of carbon is no longer fully in- 
hibited by silicon at the higher temperature. The 
slow drop in carbon content during the first part of 
the heat was visually evident as a gentle but regular 
sparking. As silicon was lost from the melt a concen- 
tration was reached, about 0.62 per cent, where oxida- 
tion of carbon was no longer inhibited and a rapid 
boil resulting in violent sparking occurred as was the 
case at 2372 F. The beginning of the boil coincides 
with the sudden change in slope of the carbon oxida- 
tion curve of Fig. 4. Comparison of Fig. 3 and 4 con- 
firms the principle that the tendency of carbon oxida- 
tion increases with temperature while the tendency of 
silicon oxidation decreases with temperature. At 2372 
F, silicon was effective down to 0.35 to 0.45 per cent 
in combining with oxygen and thus protecting car- 
bon whereas at 2597 F a greater amount of silicon, 
0.6 to 0.65 per cent, was necessary to combine with 
oxygen and inhibit oxidation of carbon. Except for 
the effect of temperature on rate of oxidation the 
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Fig. 6—Composition history of molten cast iron held 
at 2825 F in a silica crucible. Air at the rate of 0.15 
cfm was directed over the surface of the molten metal. 
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sequence of events with respect to the boil and for- 
mation of a fluid slag was the same at both tempera- 
tures. 

From the results of the heats at 2597 and 2372 F, a 
second possible mechanism whereby silicon might pro- 
tect carbon from oxidation is suggested, namely by 
Reaction 4, SiO, (s) + 2 C = 2 CO (g) + Si. At 
temperatures below 2671 F where Reaction 4 should 
proceed to the left, silicon would prevent the forma- 
tion of CO and thus the oxidation of carbon from 
the melt. This reaction is concentration dependent 
and thus when the silicon drops to a certain low 
value at a given temperature CO is no longer pre- 
vented from forming and a boil may occur. Such a 
mechanism would be analogous to the action of car- 
bon preventing the formation of SiO, (oxidation of 
silicon) at 2680 F (Fig. 1) because of its ability to 
reduce SiOz. 

While either of the two mechanisms of carbon pro- 
tection discussed above may provide an adequate con- 
ception, it is probable that both may be involved 
under different circumstances as discussed later. Re- 
action 4 is desirable from a chemical sense since it 
involves three of the substances engaged in the re- 
action and points out their concentration and temp- 
erature dependence, i.e. the interdependence of the 
substances in the melt on each other is considered by 
Reaction 4 whereas Reactions | and 2 consider these 
substances as acting independently of each other. The 
interdependence of the reacting substances is further 
illustrated by heats made at higher temperatures. 


Silica Reduction 


At higher temperatures in induction melting of 
cast iron the surface of the melt becomes clear per- 
mitting oxidation to progress at the metal-atmosphere 
interface. Air was thus directed at the surface rather 
than as bubbles below the surface; the former being 
used since movement of atmosphere over the melt is 
more characteristic of the usual hearth-type melting 
process. The change in composition caused by the 
air movement and temperature combination at 2732 
F, and 2825 F is plotted in Fig. 5 and 6 respectively. 
In both cases the importance of temperature and con- 
centration is further emphasized and clarified. The 
composition of the melt at the beginning of the heat 
was that obtained by simply remelting the white iron 
scrap. 

Except for a low carbon percentage it is seen that 
the composition is in a range common to malleable 
iron melting during the final melting period at temp- 
eratures above about 2650 F. From Fig. 5 and 6 it is 
seen that carbon in the melt is oxidized rapidly at 
2732 F and 2825 F. This carbon loss is mainly a sur- 
face reaction but a gentle evolution of bubbles oc- 
curs from within the melt during the first 30 min of 
the heat. These bubbles seem to rise from the bot- 
tom and sides of the crucible. The reaction of car- 
bon in the iron with the crucible results in pitting of 
the walls and bottom; the pitting being so severe at 
temperatures of 3000 F and above as to ruin the cru- 
cible in very few heats. 

The aforementioned bubbling comes from the re- 
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action of carbon in the iron and the silica crucible 
and it positively shows that this iron and, in fact, most 
cast irons are nonequilibrium compositions at high 
temperatures. The bubbling action in the induction 
crucible is of course the same reaction in air furnace 
melting which causes the melt to assume a gentle 
boil during the finishing stages of a heat. This type 
of boil may also be noted when iron is held in silica- 
lined ladles. In the case of these runs, when the car- 
bon is oxidized to a low enough value, the bubbling 
eventually ceases as might be expected from equilib- 
rium concentrations for F.eaction 4. 

Marked changes in the behavior of the melt of Fig. 
5 were visually noted as in the case of the previous 
heats. The clear active surface of the melt prevails 
until the carbon drops down to a certain value. Dur- 
ing the period when the melt surface is clear, no oxi- 
dation loss of silicon occurs as shown in Fig. 5 for « 
temperature of 2732 F. Shortly before silicon oxida- 
tion begins, particles of a dry scum begin to form and 
redissolve at the edges of the molten surface. 

Abruptly at the time corresponding to the chang: 
to negative slope of the silicon curve, Fig. 5, a dry 
appearing scum forms over one-third to two-thirds of 
the surface area of the melt. This scum covers three- 
quarters or more of the surface within 4 or 5 min ol 
its abrupt appearance. The formation and growth of 
the scum results from oxidation of the silicon as re- 
vealed in the curves of Fig. 5. It is also seen that vir- 
tually no oxidation of manganese occurs until the 
scum develops. Simultaneous with the covering ove 
of the melt by the scum, the rate of carbon oxidation 
decreases drastically. This is evidently the same pro- 
tective mechanism as that which occurs at lower temp- 
eratures and discussed in relation to the heats at 2372 
F and 2597 F. The heats were continued only a short 
time after the surface was scummed over since the 
compositic: was already well below carbon contents 
of interest in malleable iron melting. 

A temperature of 2825 F produced the same melt- 
ing phenomen as described above for 2732 F but with 
one added feature. Since the temperature was high 
enough for appreciable silica reduction, an increase 
of percentage silicon was noted during the early part 
of the heat as indicated in Fig. 6. Again in this heat, 
the point of inflection in the silicon curve corresponds 
to the formation of scum. At this higher temperature 
however, the scum took longer to cover the surface. 
As a consequence the carbon oxidation curve changes 
slope later and more gradually than was true at 
2732 F. 

The data of Fig. 5 and 6 further confirm the im- 
portant influence of concentration and temperature 
in the oxidation-reduction reactions which cause com- 
position changes in cast irons. The effect of tempera- 
ture has been adequately demonstrated. In the prop- 
er temperature range the phenomenon of silica reduc- 
tion would be expected to proceed in practically all 
molten cast irons in contact with highly siliceous re- 
fractories and normal atmospheres. The previous 
statement is made because all practical cast irons ap- 
parently contain more than enough carbon to begin 
and continue the reduction of silicon-dioxide once 














nl 


rf 











kK. W. HEINE 


normal melting and pouring temperatures are 
reached. The controlling influence of carbon concen- 
tration is well substantiated in Fig. 5 and 6. Carbon 
acts as a protector of silicon, preventing its oxidation 
until the carbon concentration is lowered to one no 
longer effective at the particular temperature and sili- 
con level involved. This protective power of carbon 
depends on its ability to reduce silica, i.e. combine 
with oxygen more strongly than does silicon as temp- 
erature increases according to the reaction 


SiO, (s) + 2C = 2CO (g) + Si. 


The preceding equation shows one way that car- 
bon is lost from the melt. Carbon lost by silica re- 
duction can be accounted for by a chemically equiv- 
alent percentage of silicon pickup. Carbon lost in 
this way is however, only a minor part of the loss 
shown in Fig. 6. Direct oxidation of carbon in the 
iron causes the major portion of loss. Carbon losses 
by the two mechanisms may be readily determined by 
melting the iron in a CO atmosphere. Lange’ has 
shown that chemically equivalent amounts of silicon 
are gained and carbon lost by reduction of silica when 
the direct oxidation process is prevented by melting 
under a CO atmosphere. Therefore, the percentage 
carbon curves shown in Fig. 6 incorporate two dis- 
tinctly different mechanisms of carbon loss, direct oxi- 
dation accounting for the major percentage and in- 
direct oxidation through silica reduction accounting 
for an amount chemically equivalent to the per cent 
silicon increase. 

The experimental results verify the idea that car- 
bon may be oxidized from the melt concurrently with 
the reduction of silica and its accompanying increase 
in silicon percentage as long as a high enough carbon 
concentration exists. The carbon level where the re- 
duction of silica ceases and the oxidation of silicon 
begins was calculated and is defined by the equilib- 
rium composition curves of Fig. 2. These curves are 
limited however to the conditions assumed for the 
calculations. Because of the nonequilibrium nature 
of these particular experiments, the present data 
could not be expected to follow exactly the curves of 
Fig. 2. It is extremely significant to note from Fig. 6 
that carbon, even at concentrations as low as 0.30 per 
cent will protect silicon from significant oxidation at 
much higher percentages than expected from Fig. 2. 

This unexpectedly potent protective ability of car- 
bon may be due in part to the experimental method 
whereby one of the products of Reaction 4, CO, was 
continuously removed from the reaction thus assist- 
ing in driving Reaction 4 to the right. With respect 
to normal cast iron carbon contents, the composition 
always favors silica reduction. It may be concluded 
that under the atmospheric conditions employed in 
this work, carbon is an extremely effective protective 
agent for inhibiting reaction between silicon in cast 
iron and oxygen in gas atmospheres. The mechanism 
of such a protective action lies in the influence of 
temperature and concentration on the fundamental 
oxidation-reduction Reaction 4, 


SiO. (s) + 2C = Si + 2CO (g). 








Manganese 


The change in manganese percentage in the molten 
irons provides further clarification of the role of oxi- 
dation-reduction reactions in cast iron melting. The 
reduction Reaction 5, MnO (1) + C = CO (g) + 
Mn is involved in this case. This reaction is tempera- 
ture and concentration dependent in the same man- 
ner as silica reduction. There is, however, one sig- 
nificant difference in the experimental conditions. 
Since there is initally no MnO in the crucible or slag 
except that which develops by oxidation of mangan- 
ese, the reaction (5) is prevented from proceeding to 
the right unless some MnO is added to the surface of 
the melt. 

In these experiments, composition changes without 
addition of MnO from an external source were in- 
vestigated. Manganese percentage changes for the 
previously discussed heats are plotted in Fig. 3, 4, 5, 
and 6. From these data it is seen that manganese is 
oxidized at a decreasing rate as temperature increases. 
This is identical with the behavior of silicon. The 
free energy data again indicate that this should occur 
even if only the simple oxidation reaction obtains: 





3. Mn + O = MnO (1), AF° = —59100 + 26.97T. 


As temperature increases, the tendency of this reac- 
tion to go to the right decreases. Oxidation of man- 
ganese occurs even more readily than silicon oxida- 
tion at 2372 F since Fig. 3 and 4 show it to be the 
first to be almost completely removed. 

From Fig. 5 for the heat at 2732 F, it may be seen 
that virtually no manganese is lost by oxidation until 
the carbon content of the molten iron drops to a low 
level. Evidently the same protective action of carbon 
applies to manganese as was discussed for silicon. 
These two elements are seen from Fig. 5 to both be 
oxidized only when the carbon has diminished to the 
percentage where scum formation begins and con- 
tinues. As in the case of silicon the higher tempera- 
ture of 2825 F more positively revealed the ability of 
carbon to prevent oxidation. 

Figure 6 shows that only about 0.03 per cent man- 
ganese was lost over the entire heat even though the 


‘ percentage carbon dropped to 0.30 per cent and sili- 


con was oxidized 0.14 per cent below its maximum 
value. Thus, in this heat manganese oxidation did 
not occur appreciably when the scum formed; prob- 
ably because carbon is more effective in reducing 
MnO than SiO,. If carbon reduces MnO, it would 
be expected that there would be a manganese pickup 
in the melt providing a source of MnO were available 
in the slag or crucible. This possibility was tested ex- 
perimentally. Manganese dioxide was added to the 
clear, slag-free surface of a molten iron containing 
3.02 per cent C, 0.025 per cent Si, and 0.03 per cent 
Mn at a temperature of 2597 F. Only an amount of 
MnO, chemically sufficient to raise the percentage 
manganese to 0.30 per cent was added. The metal 
was then held at temperature 10 min and a sample 
withdrawn. The percentage manganese rose to 0.21] 
per cent thus showing rapid reduction of the oxide at 
2597 F. 
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Reduction of manganese oxides by carbon evidently 
occurs at lower temperatures than those required by 
silicon dioxide and would normally be expected to 
occur in cast iron melting if a source of MnO were 
present. Since only dilute concentrations of MnO 
occur in most iron melting slags and refractories, no 
manganese pickup normally is experienced. In fact. 
the very low MnO content of iron melting slags 
usually permits a small amount of manganese to be 
oxidized from the melt even at high temperatures 
such as used for Fig. 6, in order that an equilibrium 
between slag and metal be approached. 

The thermodynamic reasoning employed in the case 
of silicon may be extended to manganese. The re- 
duction reaction data was obtained by the same meth- 
ods and is given as follows: 


5. MnO (1)+C=CO (g) +Mn AF°=50590 —34.49T 


The equilibrium temperature for this reaction was 
calculated as 2178 F for standard concentrations. Thus 
reduction of the oxide would be expected in the ex- 
periment where oxide of manganese was added to the 
melt at 2597 F. Protection of manganese by carbon 
would even be expected in the heats at 2372 F and 
2597 F, Fig. 3 and 4, were it not for the lack of MnO 
in contact with the metal. It is also likely that the 
calculated equilibrium temperature may be in error 
on the low side since the thermodynamic data for 
manganese oxidation are not of a high order of ac- 
curacy. 

Equilibrium constants for Equation 5 were calcu- 
lated and a few are given below: 


Temperature 
C F K value (Equations) 
1300 2372 1.655 
1400 2552 4.37 
1500 2732 10.28 
1600 2912 22.18 


These are seen t~ be significantly higher than those 
for silicon, Equilibrium concentrations of carbon 
and manganese could be plotted for the expression 

CO (g) X Mn 


as was done for silicon in Fig. 


iKE= 





MnO (1) x C 
2. The principle point to be made from such graphs 
is that normal cast irons are nonequilibrium composi- 
tions sufficiently rich in carbon at normal melting 
temperatures so that reduction of manganese or sili- 
con oxides can be expected to occur if an oxide-rich 
source is provided. 


The Slag Phase 


In the previous discussion reference has been made 
to unique characteristics of the slag developed in each 
of the heats. Certain relationships exist between the 
molten metal and the nature of the slag which it gen- 
erates. Low temperature effects will be considered 
first. Below 2550 F in normal atmosphere, all compo- 
sitions of cast iron studied by the author persist in 
forming a dry slag cover. This slag can readily be 
demonstrated as dependent on the silicon percentage 
present in the iron. For instance, if an iron of 3.0 
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per cent C from which silicon and manganese have 
been removed by oxidation, is held in a silica-lined 
induction furnace at 2372 F in air, the surface of the 
melt will be clear. 

A boil will occur only if air is blown at the surface. 
If the air blast is discontinued, the boil will gradually 
subside. The same situation is obtained if a syn.- 
thetic iron of 3.0 per cent C and no silicon is used. 
However, in either case, if silicon as ferrosilicon is 
added to the clear surface of the melt, ultimately an 
addition is reached where the surface scums over. 
Such behavior is taken to mean that a sufficiently high 
silicon concentration, 0.3 to 0.4 per cent at 2372 F is 
reached so that the dry slag is generated. Concurrent 
with the formation of this slag it is no longer possible 
to produce a carbon boil by blowing air at the sur- 
face. In other words, the protective action of silicon 
on carbon at low temperatures begins once silicon 
percentages are present in excess of that necessary to 
produce the scum. 

As long as the higher percentages of silicon are 
present, air bubbled through the melt or blown at 
the surface does not oxidize carbon; that is, within 
the rate of air supply employed in these tests. How- 
ever, as silicon is oxidized from the melt and the sili- 
con percentage is reached where carbon is no longer 
protected, the nature of the slag changes. Within 
about two minutes’ time its dry, flaky character dis- 
appears and it becomes extremely fluid. A carbon 
boil accompanies this change in the slag but only so 
long as the air supply is maintained. The observa- 
tions pointed out above were also noted at 2597 F 
but occurred at a higher silicon percentage, 0.6 to 
0.7 per cent. 

Samples of the fluid slag were analyzed for FeO 
and SiO,. At 2372 F the fluid slag contained 68.4 per 
cent FeO and 31.2 per cent SiO,. At 2597 F the fluid 
slag analyzed 65.58 per cent FeO and 33.98 per cent 
SiO,. The fluid slag was studied by X-ray diffraction 
methods to determine whether any identifiable com- 
pounds were present. A strong diffraction pattern was 
obtained, having the interplanar distance measure- 
ments for fayalite FeO SiOz, reported by Taylor 
and Savage.2 A petrographic study of the crushed 
material also verified fayalite as the principle constitu- 
ent of the fluid slags at 2372 and 2597 F. 

In addition to the strong fayalite pattern, the X-ray 
tests showed weak indications of Fe,;0,, magnetite, 
and y-crystobalite. On the basis of the chemical com- 
position and X-ray and petrographic identification, it 
was concluded that fayalite, 2 FeO SiOz, was the 
principle constituent of the fluid slag formed at 2372 
F and 2597 F. The dry slags were more difficult to 
analyze because of the difficulty of obtaining repre. 
sentative samples. The scum layer was so thin that 
removal of a sample was usually accompanied by en- 
trapped beads of iron. Analyses of slag with the beads 
removed did reveal a lower percentage of iron oxide 
in this slag, with samples running between 50 and 60 
per cent. 

However, removal of the entrapped iron from the 
sample makes analytical values on the dry slag of 
questionable significance. X-ray studies of the mater- 
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ial showed it to be of different constitution than the 
fluid slag. Magnetite, Fe;O,, and crystobalite were 
found to be the principle substances present with 
some weak fayalite indications also being noted. A 
magnetic test revealed some of the crushed slag par- 
ticles to be strongly magnetic, a characteristic of 
Fe,04. The dry slag was thus concluded to be com- 
posed principally of magnetite, crystobalite, en- 
trapped iron particles and a small amount of fayalite. 

The dry slag which existed at lower temperatures 
was found to be similar to the type of slag formed at 
higher temperatures. Initially at 2732 F and 2825 F, 
the surface of the melt is clear and remains so until 
carbon is oxidized down to a level which permits 
slag formation. The beginning of formation of the 
slag at 2732 F and 2825 F corresponds with the first 
oxidation losses of silicon from the melt as revealed 
in Fig. 5 and 6. Evidently carbon is the element 
whose concentration regulates the existence or non- 
existence of the dry slag at elevated temperature, 
whereas silicon is the controlling element at the lowe: 
temperatures. 

In the usual cast irons, no slag is formed by oxida- 
tion of silicon at elevated temperature because of the 
reducing action of carbon. Not until carbon is oxi- 
dized to percentages below those normal to cast irons 
would slag or oxidation products form. However, at 
low temperatures the strong affinity of silicon for 
oxygen guarantees that a dry slag will prevail. It was 
found that the dry slag persists at low temperatures 
even when the metal is held under a CO atmosphere. 
Only if the silicon content is oxidized below values 
normal for cast irons will the nature of the slag 
change from dry to fluid. 

Chemical analyses of dry slags formed at 2732 F 
and 2825 F with total iron figured as FeO revealed 
42.78 per cent SiO, and 56.50 per cent FeO in the 
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Fig. 7—Particles of crushed slag. Slag was generated 
by the molten iron at 2825 F after the beginning of 
silicon oxidation as shown in Fig. 6. Black particles 
ave magnetic, Fe,O,; translucent and light-colored 


particles, crystobalite. Mag. 20x. 
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former and 50.98 per cent SiO, and 48.10 per cent 
FeO in the latter. These analyses again presented the 
problem of samples containing entrapped beads of 
iron. X-ray diffraction studies were also employed to 
identify constituents of these slags. Diffraction pat- 
terns on the 2732 F slag showed positively the pres- 
ence of Fe;Q,, crystobalite, and fayalite while the 
2825 F slag produced a strong pattern for crystobalite 
and Fe,O, with only faint indications of fayalite. 

Coarse particles of crushed slag are shown in Fig. 7 
for the 2825 heat. The translucent particles are crys- 
tobalite and appear to be almost free of iron while 
the dark particles are a mixture of magnetic Fe,O, 
and silicates of iron. The dry slags are concluded to 
be mixtures of Fe,O,4, small amounts of iron silicates, 
and crystobalites; the high temperature form of quartz 
increasing in percentage as temperature increases. The 
actual constituents of the slags are of course tempera- 
ture dependent. It must be pointed out that the iden- 
tifications discussed were performed on samples with- 
drawn from the surface of the melt and may thus in- 
corporate some changes occurring when the material 
cools to room temperature. 

The importance of temperature and metal composi- 
tion in determining the nature of the slag generated 
by the molten metal cannot be over-emphasized. An 
excess of silicon beyond a certain value causes a dry 
slag to be generated under oxidizing conditions at 
low temperatures, whereas a lower value of silicon 
permits the formation of a very fluid slag consisting 
principally of fayalite. Under the oxidizing condi- 
tions of these experiments at temperatures above 2600 
F, carbon prevents the formation of any slag until it 
has dropped to a level which permits the oxidation 
of silicon and results in the formation of a dry slag 
containing considerable silica as crystobalite. 

The salient principles involved in the aforemen- 
tioned phenomena are that the slag phases formed at 
any temperature are dependent on equilibrium com- 
positions between metal and slag with changes in 
metal composition determining whether a dry slag, 
fluid slag, or no slag will be present. As a corollary it 
is true that for a fixed chemical composition heating 
and cooling normal molten cast irons will bring them 


through temperature ranges where a slag is generated 


by the oxidation of silicon, and temperature ranges 
where the reducing action of carbon prevents slag 
formation under atmospheric conditions. At elevated 
temperatures, possible equilibria are initially between 
a metal and a gas phase and these result in carbon 
losses under oxidizing conditions until the metal com- 
position changes so that metal-slag equilibria become 
active and a slag is generated by silicon, iron and 
manganese losses. Equilibria thus may shift from gas- 
metal to slag-metal equilibria or vice-versa depending 
on the overall effects of composition and temperature. 


Limitations 


The data and principles discussed in this paper 
have been presented with certain limiting conditions. 
An attempt has been made to evaluate the normal 
course of reactions in molten cast irons. The change 
in chemical analysis of the iron in contact with a sili- 
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ceous refractory and the generation of slags and at- 
mospheres by the iron have been studied under the 
regulated circumstances of the experiments. The ex- 
perimental results are nearly identical with those ob- 
tained in the foundry and reported by the author in 
another paper dealing with the air furnace melting 
process. See Part II, p. 133. 

However, attempts to apply these principles to 
other melting processes must be carefully considered 
because of fundamental differences involved. A ma- 
jor difference exists in the presence of slag over the 
melt at elevated temperatures. While it is not normal 
for cast iron to generate a slag at elevated tempera- 
tures, slags may be introduced and prevail as in the 
case of cupola melting. Reactions between the metal 
and extraneous slags, i.e. those not generated by the 
iron itself, were not considered in this paper and such 
reactions may present some differences in results. With 
respect to slag formation, cold melt air furnace cast 
iron melting is unique in that the major portion of 
the slag is skimmed early in the process and subse- 
quent slag accumulation is supposed to be small. 


A further experimental limitation intentionally: 


adopted is associated with the chemistry and physics 
of rates of reactions. The influence of the rate of 
oxygen or air supply on the rates of oxidation of sili- 
con, manganese, and carbon was not investigated in 
this work. The purpose of the work originally was 
to study the direction of reactions toward the basic 
equilibria which appear to be involved. Slow rates 
of reaction were therefore employed in the experi- 
ments. Additional work must be done to evaluate the 
effects produced by higher rates of reaction. Such in- 
vestigations must enter the realm of chemical kinetics, 
a field in which little information relative to the 
melting of ferrous alloys is available. 

The oxidation-reduction principles discussed in 
this paper are of course not limited to the elements 
carbon, silicon, and manganese. Reduction reactions 
involving the oxides of aluminum and titanium, Equa- 
tions 6 and 7 are known to occur. While these reac- 
tions are outside the scope of this paper, it should be 
noted that such reactions become increasingly im- 
portant as melting temperatures increase. Residual 
percentages of elements introduced by reduction of 
oxides may considerably change the nature of cast 
irons and they may be considered as a natural conse- 
quence of high temperature melting. 


Oxidation vs Deoxidation 


The slags generated by the metal at various condi- 
tions of concentrations and temperatures suggest cer- 
tain fundamentals regarding the reaction between oxy- 
gen in cast iron and the so-called deoxidizers, silicon, 
manganese, and carbon. The section which follows 
was written with the viewpoint of re-evaluating the 
chemical effects of ‘“deoxidizing” elements and with 
the hope of clarifying the role which oxidation-reduc- 
tion reactions play in the deoxidizing process in cast 
irons. 

A deoxidizing reaction such as for manganese in 
iron is commonly written as follows: 


3. Mn + O = MnO (1) 
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Formation of the oxide which then is supposed 


leave the iron is referred to generally as deoxidation. 


However, this simplified viewpoint is now justified by 
data for the complex compositions of cast irons. The 
complicating factor lies in the ability of carbon in 
iron at elevated temperatures to reduce the oxidcs 
which may form. Thus the oxide which is formed on 
reaction with oxygen is itself capable of being re- 
duced as indicated by the following type of reaction 


5. MnO (1) + C= Mn+ CO (g) 


The simple experiment referred to previously where 
the manganese content of an iron at 2597 F was in- 
creased by adding manganese dioxide to the melt is 
an example of the reduction effect. Thus it is difh- 
cult to see how an element such as manganese may 
function as a “deoxidizer” at temperatures and con- 
centrations where Reaction 5 may proceed since Reac- 
tion 5 prevents the formation of oxides, i.e. Reaction 
3, whereby deoxidation progresses. 

In a like way the reduction of silica by carbon, i.e. 
Reaction 4, prevents silicon in molten cast iron under 
normal atmospheres from reacting with oxygen as 
long as sufficient carbon and a high enough tempera- 
ture prevails. While silica reduction has been amply 
illustrated, the work of Bardenhauer® will be referred 
to because of its pertinence to the viewpoint under 
discussion. Bardenhauer melted down an alloy of 2.2 
per cent carbon, no silicon and added a siliceous slag 
to the melt surface holding at temperature for 38 hr. 
During this period the silicon percentage increased 
to 3.72 per cent and the carbon decreased to 0.16 per 
cent. This experiment by Bardenhauer ilhustrates the 
potency of much lower percentages of carbon than 
occur in cast irons in reducing SiOg. From the afore- 
mentioned work and that of the author it may be 
concluded that there are slag and atmosphere situa- 
tions in which the action of carbon inhibits the re- 
action between silicon and oxygen, i.e. deoxidation, 
and in fact causes the reverse, i.e. oxide reduction, to 
be true. 

A more accurate picture of the deoxidation reac- 
tions can be at least partially obtained on the basis 
of oxidation-reduction equilibria prevailing. For ex- 
ample the equilibrium constant may be utilized to 
determine the concentrations of silicon and carbon in 
iron necessary to satisfy Equation 4. At 2732 F, for 
the Reaction 4, SiO, (s) + 2C = = 2CO (g) + Si, “ea = 
1.759 and for the assumptions listed early in the | paper, 
concentrations are related by K = Si + C?. The per- 
centage carbon in equilibrium with a certain silicon 
percentage is calculated from the constant at 2732 F: 
for example in an iron of 1.05 per cent silicon a car- 
bon content of 0.773 per cent is required for Reaction 
4 to be at equilibrium. The importance of such equili- 
brim concentrations is best explained by the progress 
of reactions when an excess of one element is present. 

In the case being considered, excess carbon may 
cause silicon pickup or at minimum prevent reaction 
of silicon with oxygen, i.e. oxidation. However, were 
the carbon to be oxidized below the value calculated, 
an insufficient concentration of carbon would be pres- 
ent to maintain equilibrium for Equation 4 and the 
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reaction might proceed to the left or at a minimum 
permit oxidation of silicon. This concept agrees ex- 
actly with the course of these reactions studied experi- 
mentally. Figure 5 for a melt of white iron of approx- 
imately 1.05 per cent silicon, shows that oxidation 
of silicon does not occur until carbon drops to a value 
of approximately 0.95 per cent. Although the car- 
bon value is higher than calculated, a difference is to 
be expected since the conditions of the experiment 
are not of an equilibrium nature nor do they in- 
clude an atmosphere of CO over the melt, one of the 
assumptions of the calculations. Further differences 
in calculated and observed results may be due to the 
fact that calculations are based on synthetic alloys 
and not complex cast iron compositions. 

From the standpoint of deoxidation, i.e. reaction 
of an element in iron with oxygen, oxidation-reduc- 
tion equilibria are significant in that they show it is 
necessary to have an excess of the deoxidizing element 
above that percentage which is protected by carbon. 
The actual percentage required to lower the oxygen 
content, i.e. deoxidation of an iron would be in ex- 
cess of the amount in equilibrium with carbon ac- 
cording to a reaction of the type 4 or 5. The same 
reasoning may be employed in the case of elements 
other than manganese and silicon which may be em- 
ployed as deoxidizers. The products of deoxidation, 
nonmetallics, provide a further complicating factor. 
While deoxidation is commonly written as producing 
only a simple metal oxide phase, i.e. Reaction 2 and 
3, this does not appear to be experimentally true. 

In the case of silicon and manganse in steels it has 
been amply pointed out* that silicates of manganese 





Fig. 8A (Left)—-Sulphide and silicate inclusions in cu- 

pola white iron of 3.13 C, 0.98 Si. Cupola slag in con- 

trast with the iren contained 16.6% FeO. Unetched. 
Mag. 750. 

Fig. 8B (Center)—Same metal as Fig. 8A but etched in 
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and iron are the principle products of deoxidation at 
lower silicon levels while pure silica as well as sili- 
cates form at higher silicon levels. ‘The nonmetallics 
formed are thus a function of metal composition and 
in the present work would be expected to be similar 
to the slag generated by the metal at a particular 
temperature. Since no slag material forms over molt- 
en cast iron at elevated temperatures because of the 
reducing action of carbon, deoxidation or reaction 
with oxygen would not be expected to progress at 
those temperatures except by reaction with carbon 
itself. Thus the excess of carbon present in normal 
cast irons would appear to limit deoxidizing effects at 
the higher temperature to that which is obtained by 
the reaction between oxygen and carbon. 

From these considerations it would appear that the 
limiting oxygen values present in cast iron at elevated 
temperatures are those resulting from the limit of 
solubility of oxygen as affected by carbon, supersatur- 
ation being accompanied by carbon oxide evolution. 

While slags or nonmetallic oxides do not form in 
normal cast irons at elevated temperatures, they may 
form once the temperature drops below the range 
where carbon is effective as a reducing agent. In the 
lower temperature ranges, nonmetallic material is 
generated by the iron. This material may rise to the 
surface or form at the surface as a slag cover. If cool- 
ing is continued rapidly as in a casting, nonmetallics 
form and are entrapped during solidification and ap- 
pear as inclusions. A severe case of such. entrapped 
inclusions is illustrated in Fig. 8a, 8b, and 8c. The 
material shown in Fig. 8 was cast from cupola metal 
having an analysis of 3.13 per cent C, 0.9 per cent Si 
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picral to reveal distribution of nonmetallics in micro- 
structure. Mag. 750. 

Fig. 8C (Right)—Same iron as Fig. 8A, but showing 

inclusion in the area of a mottled spot. Note silicates 

adjacent to flake graphite. Mag. 750 x. 
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and was tapped from under a slag containing 16.6 
per cent FeO. 

The metal was cast in 1.2-in. diameter arbitration 
bars of type used for gray cast irons. The bar frac- 
ture revealed the metal to be mainly white but with 
light mottling. The inclusions shown in Fig. 8 are 
principally sulphides and silicates. The shape of the 
silicates indicates their formation as a liquid precipi- 
tating from the molten iron. The oxide particles 
vary from translucent highly siliceous pale-yellow 
color glasses to dark or opaque silicates evidently con- 
taining considerable FeO in solution. Coalescence of 
some particles is evident in Fig. 8a. The distribution 
of such inclusions in the microstructure of white iron 
is shown in Fig. 8b and in mottled areas in Fig. 8c. 
When flake graphite and silicate occur as in Fig. 8c, 
the silicates are usually a short distance off to the side 
of the flakes. 

Similar inclusions have been reported by the auth- 
ort in normal malleable foundry white irons although 
the quantity present is usually far less than that 
shown in the severe case of Fig. 8. The microstruc- 
tural and property effects caused by reactions produc- 
ing these inclusions are greatly dependent on the 
cooling rate of the metal and for that reason are dif- 
ficult to evaluate. The thermal history of the metal 
thus appears to be of extreme importance in influenc- 
ing the degree to which the reactions may approach 
completion. The approach to equilibrium during 
cooling involves, in part, reactions and reaction rates 
which are a function of temperature. 

At lower temperatures during cooling, the silicon 
and manganese in the iron may act as deoxidizers in 
the sense that they are enabled to react with oxygen 
once the inhibiting effect of carbon is lost on going to 
the lower temperature. Thus, it appears that the time 
required to cool through the lowest temperature range 
of 2550 F down to the lowest temperature of solidi- 
fication is extremely important in permitting the 
aforementioned reactions to proceed. Furthermore, 
the progress of these reactions results mainly in a 
change in distribution of oxygen in the metal rather 
than a basic change in the quantity present. 

The precipitation of nonmetallic oxide inclusions 
of the type shown in Fig. 8 is considered by the author 
to indicate that on cooling slowly through appropri- 
ate temperatures the iron generated particles within 
itself that are of the same nature as the slag phases 
described earlier in the paper. The extension of these 
principles to other elements such as aluminum, zir- 
conium, titanium, and boron presents a logical field 
for further research in cast irons. 

While inclusion formation occurs at lower tempera- 
tures, reactions between liquid cast iron and a gas 
phase prevail at higher temperatures. It has long 
been said that reducing atmospheres in contact with 
a molten cast iron surface promote deoxidation. Com- 
monly carbon monoxide is considered to be a reduc- 
ing gas in the sense that it may lower the oxygen con- 
tent of cast iron. 

However, in view of the principles presented in this 
paper it is difficult to understand how CO could cause 
any lowering of the oxygen content of a cast iron. 


OXIDATION-REDUCTION PRINCIPLES CONTROLLING CAsT IRONS 


Although a 100 per cent CO atmosphere would make 
oxygen less available from the gas over the melt, it 
does not follow that therefore the oxygen content of 
the metal is lower. The fact that a gentle bubbling 
of CO from the melt occurs at elevated temperatures 
either in the air furnace or when white iron is tapped 
into a ladle indicates that the iron is saturated with 
CO and that an excess of carbon is present to main- 
tain such saturation. The ability of carbon monoxide 
to escape from the melt, i.e. remove oxygen, depends 
on the difference in the partial pressure of that gas in 
the atmosphere over the melt and its vapor pressure 
in the molten metal. 

This difference of pressure is seen to decrease as CO 
content of the atmosphere over the melt increases. 
Thus with a higher CO content over the melt it 
would appear that the oxygen content of the melt 
would actually be increased rather than decreased 
because of any so-called reducing action of CO. Chip- 
man and Marshall® have demonstrated that raising 
the CO pressure considerably above atmospheric pres- 
sure causes a marked increase in the oxygen content 
of pure iron-carbon alloys. Their experiments em- 
phasize the point being made. Thus, there appears 
to be valid doubt for considering CO as a reducing 
gas, or deoxidizing agent, with respect to its ability 
to remove oxygen from molten cast iron. 

The discussion presented in the preceding para- 
graphs should provide a more complete picture of 
the principles involved in deoxidation phenomena 
than has heretofor been considered in cast iron melt- 
ing. In the case of the effect of carbon monoxide in 
the atmosphere over the melt, there is actual disagree- 
ment between the viewpoint expressed and that usual- 
ly presented in foundry literature. The main objec- 
tive of the author in this discussion has been to in- 
dicate the relationship of deoxidation mechanisms 
to the physical and chemical phenomena, particularly 
oxidation-reduction reactions, which occur in the 
melting of cast irons, especially white iron employed 
in the malleable foundry. In so doing, explanations 
have been sought which are in agreement with experi- 
mentally observed results. The important influence 
of carbon in cast irons on slag and gas equilibria has 
required modification of deoxidation principles ad- 
vanced for steels. It is hoped that the clarification 
provided by such explanations will produce furthei 
research to bring these considerations to their ulti- 
mate conclusion. 


Summary 


Cast irons are essentially of non-equilibrium chemi- 
cal composition in the normal melting temperature 
ranges. Upon being heated, oxidation or reduction 
reactions between the molten iron and its surround- 
ings begin and progress. These reactions are funda- 
mentally dependent on the temperature and the com- 
position of the iron and its surroundings. Consider- 
ing temperature as a variable and molten cast iron, 
air, and a silica crucible as the reactants, the data 
presented herein substantiate the following conclu- 
sions: 

1. Silicon and manganese in molten iron are read- 
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ily oxidizable below 2550 F. 

2. The oxidation of carbon is extremely slow be- 
low 2550 F as long as sufficient silicon is present as an 
inhibitor. 

3. Below 2550 F oxidation products persist as a 
scum or dry slag over the melt; the scum indicating 
an excess of silicon in the melt. Only very slow oxida- 
tion of carbon will occur as long as the dry scum 
prevails. 

+. The dry slag appears to be a mixture consisting 
mainly of crystobalite and magnetite, along with a 
small amount of fayalite. 

5. At temperatures above 2600 F, the reducing ef- 
fects of carbon prevent the formation of a slag. Reac- 
tion between carbon and a gas atmosphere is the 
normal course of events. 

6. Oxidation of silicon and manganese from the 
melt occurs less readily as temperature increases. Car- 
bon is an inhibitor of oxidation of these elements at 
elevated temperatures as long as a sufficient carbon 
concentratior is present. 

7. Silica reduction, i.e. silicon pickup, by carbon 
in molten cast iron occurs when the equilibrium 
temperature 2671 F is sufficiently exceeded. Mangan- 
ese oxides may also be reduced when present in suf- 
ficient concentration. 

8. Silicon pickup occurs in the direction indicated 
by an equilibrium constant for Reaction 4. SiOz, (s) 
+ 2C = 2 CO (g) + Si. A gentle CO boil is a 
normal condition showing that this reaction is pro- 
gressing whenever molten cast irons are contained in 
siliceous refractories. 

Considering composition as a variable with molten 
cast iron, air, and a silica crucible as the reactants, 
the following conclusions may be stated: 

1. Silicon concentration regulates the oxidation of 
carbon and the appearance of a fluid slag at lower 
temperatures. 

2. The fluid slag developed when silicon no longer 








inhibits its formation consists mainly of fayalite. 

3. A carbon “boil” occurs when the silicon concen- 
tration is below the percentage which will protect 
carbon at low temperatures. 

4. Carbon percentage regulates the reduction of 
silica or the oxidation of silicon at elevated tempera- 
tures. The direction of the reactions is toward equi- 
librium for the equation SiO, (s) + 2C = 2 CO (g) 
4+ Si. 4 

5. The slag phase formed at elevated temperatures 
when carbon is no longer effective as an inhibitor is 
a dry scum consisting mainly of crystobalite, mag- 
netite, and a small amount of fayalite. 

6. Manganese, like silicon, is protected from oxida- 
tion by carbon as long as the carbon concentration is 
sufficiently high. 

7. The slag phases generated by a molten cast iron 
are dependent on composition of the iron with either 
a dry slag, a fluid slag, or no slag occuring according 
to the dictates of the composition. 

In conclusion, it can be said that the nature of 
normal cast iron compositions is such that chemical 
reactions will begin and progress in the direction of 
the fundamental oxidation-reduction equilibria when- 
eyer they are heated or cooled through temperature 
ranges encountered in melting operations. 
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PART II 


Air Furnace Melting 


In Part I, some principles regulating composition 
changes in laboratory melted cast irons have been 
presented. Extension of the laboratory principles to 
the cold-melt air furnace melting process employing 
an acid lining provides the purpose for this paper. 

From the results of laboratory experiments, the di- 
rection of chemical composition changes of molten 
cast irons at various temperatures can be accurately 
predicted. At lower temperatures carbon is oxidized 
very slowly while oxidation losses of silicon and man- 
ganese are greater, the latter being most readily oxi- 
dized.. At higher temperatures, the reducing action 
of carbon in molten cast iron inhibits the oxidation 
of silicon and manganese with the result that the only 
appreciable loss is that of carbon. 

The foregoing statements are made in relation. to 
the melting conditions of the experimental work of 





‘Part I. It is a point of concern whether principles 


established by laboratory melting experiments may be 
applied to a commercial melting process. Such direct 
applications are only justified when supported by 
data and conclusions derived from plant operations. 


Melting Practice 


Data for evaluating the relationships between the 
laboratory results (Part I) and the commercial cold- 
melt air furnace melting process for malleable iron 
castings were obtained from two foundries. Both 
foundries followed the general practice of melting 
down a charge of high carbon content, about 2.7 to 
3.0 per cent and higher than desired silicon content, 
about 1.1 to 1.35 per cent. Manganese in the charge 
was about 0.10 to 0.15 per cent higher than that de- 
sired in the final analysis, melting loss taking care of 
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the excess. A preliminary test for carbon, silicon, 
and manganese was made about 40 to 60 min before 
tapping in one foundry. The other foundry, hence- 
forth called Foundry B, made preliminary determina- 
tion of carbon about 30 to 40 min prior to tapping. 

The first foundry, Foundry A, employed additions 
of ferro-alloys whenever the preliminary analyses for 
silicon and manganese were low. Foundry B used 
additions less frequently and only as indicated by 
analysis of the previous day's heats. Furnaces in both 
foundries were acid-lined with silica hearth bottoms. 
The fuel was powdered coal in each case. Foundry A 
operated two furnaces of the same hearth area with 
charges ranging from 20,000 to 51,000 lb. One of the 
two furnaces was used for smaller charges, 22,000 to 
36,000 Ib, and it therefore had a shallower hearth. 
Foundry B operated one furnace with a charge run- 
ning from 28,000 to 32,000 lb. Tapping period varied 
from 31 to 71 min depending mainly on size of heat. 
Preliminary analysis samples in both plants were 
taken after the slag was skimmed and the metal temp- 
erature reached about 2625 to 2725 F. 

When the metal has reached the temperature range 
of 2625 to 2725 F, silicon and manganese oxidation 
losses should have ceased according to the laboratory 
results. Further increase in temperature should result 
in silicon pickup. To follow composition changes 
more closely, four samples were taken during the later 
stages of the heat. The four samples consisted of the 
preliminary bar, one taken 40 to 60 min later at the 
beginning of tapping, one-half way through the tap, 
and a final bar at the tail end of the heat. 


Silicon 


Data trom 53 heats in Foundry A will be considered 
to illustrate the changes in silicon percentage in the 
molten iron. In all cases, the analyses showed a grad- 
ually increasing percentage of silicon throughout the 
period from preliminary sample to the end of tapping. 
The average silicon pickup from preliminary to be- 
ginning of tap was 0.09 per cent, from preliminary to 
middle of tap for 0.11 per cent, and from preliminary 
to tail end of tap was 0.16 per cent. The same gen- 
eral trend was noted in data on 29 heats from Found- 
ry B. In other words silicon pickup prevails in silica 
bottom-lined air furnaces as it does in laboratory melt- 
ing in a silica crucible. Silicon pickup from silica 
reduction should be differentiated from increased sili- 
con percentage due to the addition of the ferro-alloy. 

In all discussion which follows, reference to per- 
centage silicon pickup refers to net percentage of 
silicon increase due only to the reduction of silica. 
In heats where ferrosilicon was added after the pre- 
liminary, the total increase in percentage silicon prior 
to tapping generally exceeded the percentage silicon 
added, i.e. there was a net silicon pickup. Only three 
exceptions were noted in 81 heats. It is therefore 
concluded that 100 per cent recovery of silicon from 
ferrosilicon additions is to be expected in view of the 
reducing effect of carbon at these temperatures in 
preventing oxidation of silicon. The previous obser- 
vation assumes that the ferrosilicon is added to a 
clear, relatively slag-free molten metal surface. 
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Because of wide variations in percentage silicon in- 
creases on different heats, frequency charts are usec 
to present the data. Figure 9 shows the distribution 
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Fig. 9—Frequency of percentage silicon pickup in 53 

heats made in air furnaces in Foundry A. Silicon 

pickup refers to net total increase from preliminary 
test to tail end of heat. 


of silicon pickup values measured from preliminary 
to end of heat for two different furnaces in Foundry 
A. Furnace No. 2 shows a decidedly narrower range 
of pickup, 0.11 per cent Si, as compared with the wide 
variation of Furnace No. 1, 0.26 per cent Si. The two 
furnaces were of the same hearth area but Furnace 
No. 2 had a deeper bath of metal. A major difference 
in the melting practice of the two furnaces was the 
size of the charge. Charges in Furnace No. 2 ranged 
from 35,000 to 51,000 Ib while those in Furnace No. | 
ranged from 20,000 to 38,000 lb with the majority 
being 22,000 to 28,000 Ib. Since the weight of the 
charge greatly influences the time required for melt- 
ing, the variation in weight would appear as one 
possible reason for the differences in total silicon pick- 
up between Furnaces | and 2 as shown in Fig. 9. 
When the data from Foundries A and B were 
plotted with silicon pickup as a function of weight 
of charge, the scatter diagram of Fig. 10 was ob- 
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Fig. 10—Net percentage silicon pickup from prelimin- 
ary test to tail end of heat plotted for different weight 
charges. Data from 81 heats in three furnaces are 
shown. 
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tained. Heavier charges are seen in Fig. 10 to pre- 
sent less fluctuation or a narrower range in pickup 
values. Significantly, four heats in Furnace No. | in 
which the charge weight approached that used in 
Furnace No. 2 were found to fall within the narrower 
pickup range of the latter furnace. Data from Found- 
ry B are included in Fig. 10. The latter foundry 
used only the smaller charges and it is seen that their 
results for silicon pickup present the same scatter as 
occurred with the lighter heats in Furnace No. I, 
Foundry A. The main intent in presenting Fig. 10 
was to illustrate that differences in total silicon pick- 
up obtained in different furnaces may be dependent 
on more than one melting variable. 

The test sample selected as representing the “final” 
or average silicon analysis of a heat may be visualized 
as a spot check on the percentage silicon in the molt- 
en metal at a particular time during the period of 
silica reduction. Variations in the progress of silica 
reduction would therefore cause fluctuation in the 
final silicon analyses. A frequency chart of “final” 
silicon percentages for the furnaces being considered 
in Foundries A and B is presented in Fig. 11. In 
Foundry A, Furnace No, 2 is seen to have a much 
narrower range of “final” silicon values than Furnace 
No. 1. The narrowest range occurred in the furnace 
of Foundry B. 
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Fig. 11—Frequency of final percentage silicon analysis 
in 81 heats in three different furnaces. 


This difference in the final analysis range may be 
due to the differences in total silicon pickup illus- 
trated in Fig. 10. A widely fluctuating range of total 
silicon pickup values might be expected to produce a 
wide range of “final’’ silicon percentages as is the 
case for Furnace No. 1 of Foundry A. The “final” 
silicon in this case appears to be related to the repro- 
ducibility of total ‘silicon pickup for this furnace. 
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However, this relationship did not exist in the results 
from Foundry B. Other operating variables, possibly 
slag, are evidently involved. Existing relationships 
could be established statistically with a greater supply 
of data and by measuring more variables, but it is 
not the purpose of this paper to determine the char- 
acteristics of individual furnaces. Rather it was de- 
sired to point out that the later stages of melting cast 
iron with the metal at elevated temperatures produce 
conditions under which the reducing power of carbon 
in molten iron is predominant. 

It is concluded that silica reduction is a normal high 
temperature phase of cold-melt acid-lined air furnace 
melting. For that reason, it is characteristic that the 
per cent silicon in the melt continually increases dur- 
ing the final stages of a heat. The variation in silicon 
pickup values reported in Fig. 9 and 10 show that 
there are uncontrolled factors operating during the 
melting period when silica reduction is a positive and 
progressing reaction. 


Carbon 


Unlike the case of silicon, carbon loss by oxidation 
progresses more readily as temperature increases. 
Once the temperature exceeds about 2550 F and dur- 
ing the period from the preliminary sample to the 
end of the heat, decarburization of the melt continues 
without a halt. These carbon losses are of two kinds. 
A minor loss is the result of silica reduction. Where 
an average of 0.16 per cent total silicon pickup was 
reported, a chemically equivalent carbon loss, 0.137 
per cent, must occur. Silica reduction by carbon causes 
the gentle but continuous boil evident in the bath in 
air furnace melting. Nothing can be done about the 
aforementioned carbon loss as long as the furnace is 
acid lined. The reaction SiO, (s) + C = Si + 2CO 
(g) is spontaneous and will progress as long as the 
metal is above the equilibrium temperature, 2671 F, 
for the reaction (Part I). This carbon loss by silica 
reduction may be considered a basic minimum loss 
depending mainly on the time at elevated tempera- 
ture. 

A second and major loss of carbon occurs as a result 
of decarburization or direct oxidation, at the molten 


‘metal—atmosphere interface. In the absence of slag 


covers, direct oxidation of carbon is mainly depend- 
ent on the surface area and mass of the melt, the 
furnace atmosphere and the rate of change of the 
atmosphere. For example, direct oxidation can be 
completely eliminated if a 100 per cent carbon mon- 
oxide atmosphere is held over the melt so that oxida- 
tion by the furnace atmosphere is not possible. The 
other extreme is reached when a raw air blast is 
directed at the metal surface so that rapid direct oxi- 
dation of carbon may occur as reported in Part I. 
Thus it would appear that the relative percentages 
of carbon monoxide, carbon dioxide, and oxygen in 
the furnace atmosphere have an important bearing 
on the loss of carbon by direct oxidation. Occasion- 
ally atmosphere control is exercised in malleable 
foundry air furnace melting. However for the pur- 
pose of exercising carbon control, it is more common 
to make additions of graphite, petroleum coke or 
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other recarburizers to the surface of the etal after 
the preliminary carbon analysis has been determined. 
The size of the additions is based on experience 
which has been shown to give the desired carbon con- 
tent at the time the final sample of the heat is taken. 
For example in Foundry B, an average addition of 
100 lb of graphite and 130 1b of petroleum coke was 
made to heats of 28,000 to 30,000 lb when the pre- 
liminary carbon ranged from about 2.5 to 2.6 per 
cent and the final desired was 2.20 to 2.40 per cent. 
This would amount to an addition of about 0.8 per 
cent C if it is assumed that all the carbon is dissolved 
by the metal. This carbon, of course, does not all 
enter the metal, as part of it is lost directly from the 
surface of the metal. However even if it did, there 
would be a loss of not more than about | per cent 
carbon during the period from the preliminary to the 
final test samples. Since this loss occurs in about 114 
hr, it follows that the rate of carbon oxidation is less 
than | per cent per hour. This rate of carbon loss is 
less than that attained in laboratory induction melt- 
ing (Part 1) where an air blast was used over the 
melt but is about the same as that occurring when 
induction melting is carried on in still air (Part I). 

Although the air furnace atmosphere might be ex- 
pected to be less oxidizing than still air because of 
its carbon monoxide-carbon dioxide content, the rate 
at which the atmosphere changes in the air furnace 
alters this situation. It is therefore, not until moving 
air is directed at the surface of the metal that oxida- 
tion loss of carbon in induction melting exceeds that 
of air furnace melting. Therefore, holding the metal 
at constant temperature in still air in an induction 
furnace does not appear to be a more oxidizing con- 
dition than air furnace melting with respect to oxida- 
tion of carbon or other elements at comparable temp- 
eratures. The foregoing observation is one of value 
to those concerned with using the induction furnace 
for research in malleable irons. 

In either melting medium, oxidation of carbon 
progresses at a rapid rate at elevated temperatures. 
Although the oxidation of carbon occurs, its concen- 
tration remains high enough to cause the reduction 
of silica throughout the later stages of the heat. As 
reported in Part I, carbon is the active element in 
oxidation and reduction reactions in cast iron melt- 
ing at elevated temperature. The exact rate of car- 
bon oxidation in individual air furnaces is therefore 
a function of practical melting variables of furnace 
atmosphere, slag covering if any, recarburizers, and 
time at temperature. 


Manganese 


The experience with manganese content changes 
in laboratory and foundry is similar if not identical. 
Oxidation loss of 0.10 to 0.20 per cent Mn occurs dur- 
ing melt down and afterwards at low temperatures. 
At elevated temperatures, only limited loss occurs due 
to the protective action of carbon. For example, from 
preliminary to final analysis in the air furnace a loss 
of 0.01 to 0.04 per cent is experienced. This loss is 
of the same order as that reported by the author for 
induction melting (Part I) and for similar reasons. 
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With respect to manganese again, the oxidation-reduc 
tion reactions regulated by carbon at elevated temp 
eratures are similar in acid-lined induction and ai 
furnace melting furnaces. 


Discussion 


The scatter of silicon pickup values reported in 
Fig. 9 and occurring during the silica reduction pe: 
iod of melting raises questions. In laboratory melt 
ing, the silicon increase for a given time and tempera- 
ture is relatively reproducible from heat to heat. Why 
is this not so in the data of Fig. 9? Some other melt 
ing variable is evidently affecting silicon pickup. I 
is postulated that slag present on the melt may be an 
important factor. Lange and the present author’ hav« 
shown that slag containing iron oxide may inhibit o1 
prevent silicon pickup at elevated temperatures. High- 
er iron oxide content slags’ may prevent silicon pick- 
up or actually cause a silicon loss at temperatures 
where pickup would be expected if only furnace at- 
mospheres and refractories were present. Lower iron 
oxide slags? may not cause silicon loss but do inhibit 
or diminish the amount of silicon pickup. Slag thus 
may be considered an important factor in changing 
the percentage of silicon pickup during the later 
stages of the heat. 

Referring to the laboratory work (Part 1), consider- 
able data was presented to show that a slag phase was 
generated by the iron itself at temperatures below 
2550 F. White iron contains sufficient silicon so that 
at the lower temperatures a slag phase does form by 
oxidation of the metal. However this slag disappears 
on heating due to reduction by carbon. Slag only 
occurs on the metal surface at the higher tempera- 
tures if it is introduced from an extraneous source. 
Such slag may come from the refractories, coal ash, 
sand or some other source. Once the slag is skimmed 
at temperatures above 2550 F, further slag accumula- 
tion should originate only from the aforementioned 
sources, i.e., not from the iron itself. Thus once the 
low temperature oxidation products are removed by 
skimming, the surface of the metal will remain cleai 
unless a slag develops from some source other than 
the metal. During the latter period when the surface 
is clear, oxidation of the carbon proceeds rapidly and 
silicon pickup occurs as the temperature increases. 

The preliminary and final silicon analysis samples 
are taken during this period. Were it not for the miti- 
gating effects of the extraneous slag, carbon would 
show a progressive and continuous drop from _ pre- 
liminary sample to the tail-end of the heat while sili- 
con would show a gradual and continuous increase 
during the same period. The extent of the carbon 
oxidation would be regulated mainly by the furnace 
atmosphere and its rate of change. The silicon pick- 
up would be effected mainly by the temperature and 
time at temperature for a given charge weight and 
furnace size. Composition changes of the type re- 
ferred to above are a natural consequence of the fact 
that the normal composition of cast irons are not at 
equilibrium with silica refractories or normal furnace 
atmospheres at temperatures usually encountered in 
melting. 
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Conclusion 

[he basic principles of oxidation-reduction reac- 
tions established in the laboratory and reported in 
Part I may be applied to air furnace melting. Silicon 
and manganese losses occur primarily during melt 
down and at low temperatures during normal opera- 
tion of the air furnace. The final stages of a heat in 
ain acid-lined furnace results in increasing silicon 
content of the melt and protection of manganese, 
both effects being caused by the reducing power of 
carbon at elevated temperature. Carbon oxidation 
of two different mechanisms progresses most readily 
at elevated temperatures, one being the result of silica 
reduction and the other being the result of direct oxi- 
dation of carbon by the furnace atmosphere. Finally, 
a test sample for chemical analysis taken during the 
tapping period represents a spot check made on a 
molten cast iron whose composition is gradually 
changing in the direction governed fundamentally by 
chemical oxidation-reduction equilibria. 
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J. E. Renper (Written Discussion):* In this paper Prof. Heine 
continues his good work on the metallurgy of oxidation-reduction 
reactions of cast irons. The writer finds himself in general agree- 
ment with Prof. Heine, and the comments to follow should be 
considered as contributions to the field covered. 

In work relating thermodynamic data to practice, simplifying 
assumptions must always be made, and they are sometimes awk- 
ward. The use of unity for the concentration of CO over the 
melt as suggested by Prof. Heine would possibly be better re- 
placed by a value of 0.3 due to the diluting effect of nitrogen in 
commercial operations, and as such should be useful for the con- 
ditions in electric arc furnace melting or for the conditions in a 
cupola well; but above the tuyeres in a cupola or in an ait 
furnace the blast or flame movement further dilutes the CO with 
carbon dioxide and sweeps it away, and the concentration of CO 
is probably close to 0.1. This encourages reduction of SiO, by 
allowing the reaction 

2c + SiO, Si + 2CO 
to proceed to the right in accordance with mass law considera- 
tions. 

On the other hand the use of unity for the concentration of 
SiO, is justified, from the viewpoint of thermodynamics, wherever 
free SiO. molecules are present; which is the case not only in a 
silica crucible but for all commonly used acid refractories in- 
cluding super-duty fire-brick. A smaller quantity of free SiO, 
will decrease the rate at which the reaction proceeds, which, of 
course, is not treated by thermodynamics. 

Although the effect is probably a minor one, no mention is 
made by Prof. Heine of the fact that the carbon in the equations 
is actually dissolved in iron. Darken and others have shown 
that the carbon in liquid iron-carbon alloys is combined with 
iron, and this will affect the free energy equations by the heat 
of solution and compound formation. This is shown by the fact 
mentioned by Prof. Heine that the addition of coke or graphite 
to molten iron increases reduction of SiO. 

The experimental results given in the paper of oxidation of 
cast iron melts by air and oxygen, shown in Figs. 3 to 6 inclusive, 
are typical of reactions in converters as would be expected, and 
are corroborative of work done two or three years ago in England 
in connection with side-blow converter practice. It was shown 
clearly there that provided the cupola-melted hot metal supplied 
to the converter was sufficiently high in temperature, a successful 
blow and high final temperature could be obtained by carbon 
oxidation almost alone. This permits lower silicon content in 
the cupola metal and resulting lower cost. In older converter 
practice with lower cupola metal temperatures, a fairly high- 
silicon content was necessary to provide an ignition effect, the 
oxidation of silicon raising the temperature to the point where 
carbon oxidation can proceed rapidly. 

The slag analyses and considerations presented are of interest, 
and in general corroborate work done by the writer in 1942 on 
the oxidation of cast iron by additions of oxygen or mill scale. 
A material balance made from analyses of slag and metal showed 
then that for oxidation by gaseous oxygen, 80 per cent of the 
added oxygen could be accounted for. 

Ihe statement by Prof. Heine that “most cast irons are of 


‘non-equilibrium composition at high temperatures” is not con- 


sidered correct as it stands, since the effects of atmosphere and 
of crucible chemistry are not included, and these are precisely 
the influences producing the chemical changes and disequil- 
ibrium. Used in Prof, Heine’s sense, it can be stated that a lump 
of coal is not in equilibrium, since it can be burned if heated 
and supplied with oxygen. 

Prof. Heine's final remarks on oxidation-deoxidation are ap- 
parently in agreement with the writer’s comments of 1950 made 
during discussion of a paper by Prof. Heine,* wherein the pres- 
ent writer took the position that at the carbon and silicon con- 
tents and the temperature levels normally used in cast iron 
melting, equilibrium oxygen contents must be low due to the 
reducing or deoxidizing action of the carbon and silicon. The 
statement that CO cannot remove oxygen from cast iron melts 
is apparently without meaning, since although a pure CO at- 
mosphere will inhibit Reaction 4 and decrease the bubbling of 
CO gas from the melt, the oxygen in this CO comes from the 
SiO, refractory walls, not from the melt directly. 

Mitton Tittey:* I think that the figures embodied in the 
paper are correct as far as they go. They demonstrate, again, 
the effect of the side-blow converter, as Mr. Rehder pointed out. 
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Those of you who have operated a side-blow converter probably 
recall] getting melt in there so cold that it is covered with a 
scum. You could not get the metal hot, and the fact that the 
silicon is still in there when it gets hot it is swirling around 
and you do not have the covering of the slag. These semi- 
equilibria conditions we find in an air furnace where the metal 
is quiet and the metal is fairly high in temperature might be a 
little misleading to the operator figuring he could not depend on 
oxidation of silicon. 

Let us say you have melted down the cupola and it is out of 
control and you have oxidized your elements and your iron so 
the iron gets into the air furnace highly oxidized, under such 
conditions I think you will find you can take that oxidation 
out of the metal by the oxidation of silicon. We have done 
some work on that in relation to the effect on nodule count 
and we found that if you put enough ferrosilicon in your iron 
to raise your silicon up to where it is supposed to be, you still 
do not have the same iron as if you had melted it down that 
way. However, if you put a little more silicon in and you will 
get your nodule count back to normal; we theorized this as 
meaning that you have deoxidized your metal with the silicon. 
However these reactions might indicate to an inexperienced man 
that you could not use silicon as a deoxidizer. I think you will 
find you can do it, which I presume arises from the concentra- 
tion of silicon. 

H. C. Srone:* I would like to ask Mr. Tilley whether he 
recognized the fact that he was using aluminum for deoxidation? 

Mr. Tittry: Yes, we recognize that. The amount of alum- 
inum is not enough to do what we found is being done. 

Mr. Stone: How much aluminum are you using? 

Mr. TiLLtey: In a 30-ton bath we use up to 300 lb of alum- 
inum. 

Mr. Stone: That is an appreciable amount. 

Mr. Titiey: Yes, that is right, but it would not amount to 
enough aluminum. 

Mr. Stone: The silicon has about 114 per cent aluminum 
and 300 Ib is an appreciable amount. 

Mr. Tittey: Let us analyze the amount for a moment. There 
is 3 lb of aluminum in 30 tons of metal. That is 0.005 per cent 
or 0.10 lb per ton. That is not enough. 

C. L. Apovasio: * Some time ago an English metallurgist dis- 
cussed the use of boron and the beneficial effects derived with 
ene form of boron and not with another. He found by experi- 
ment that when using equal amounts of boron from two different 
sources, ferroboron in one case and borax in another, beneficial 
effects were perceptible only when using the ferro-boron. He 
concluded that the beneficial effects were due to the aluminum 
contained in the ferroboron and not to the boron content itself. 
Since the aluminum content in the quantity of ferroboron gen- 
erally used in treating malleable iron is very small, it would seem 
that the amount of aluminum in 300 |b of ferrosilicon, by com- 
parison, would be great. Consequently, the deoxidation attribut- 
able to the aluminum, when using a large quantity of 
ferrosilicon, would also be great. 


Part Il 


Chairman: W. D. McMILLAN, International Harvester Co., 
Chicago. 

Co-Chairman: Wm, ZeUNIK, National Malleable & Steel Cast- 
ings Co., Indianapolis, Ind. 

Mr. REHDER (Written Discussion): In general the data pre- 
sented on silicon pickup in air furnace melting agree with that 
previously given by the writer (See AMERICAN FOUNDRYMAN, vol. 
10, no. 4, p. 50, October, 1950) and are more extensive in that 
a greater number of heats were sampled. There is considerabie 
spread of values shown, and this is considered due to the effects 
of two variables not reported; one is flame condition and the 
other metal temperature. These are both of major importance 
and both vary considerably from day to day and from foundry 
to foundry. The flame quality adjustments by the melter are 
largely subjective, and are made in accordance with the progress 
of the melt, being different nearly every heat; otherwise an air 
furnace could be run by an automatic sequence control on 
the pulverizer and secondary air controls. The hottest flame is 
an oxidizing one due to the carbon dioxide content, and CO 
rising from the melt is rapidly swept away and diluted by the 


8 Asst. Works Mar., Belle City. Malleable Iron Co., Racine, Wis. 
4 Metallurgical Engr., Ohio Brass Co., Mansfield, Ohio. 
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relatively very large volume of combustion gases. On the other 
hand if oxidation must be decreased, an adjustment can be 
made that will result in carbon being dropped into the bath 
from the flame. 

The effects of slag are in practice also complicated. Althoug)h 
the bath be skimmed clean for maximum rate of heat absorptio:, 
aiter tapout skimming of slag soon becomes impossible and slag 
rapidly accumulates. Silicon pickup occurs during both cojd 
melt and duplex melting, although the slag in the latter case 
contains about one-quarter as much FeO as in the former cas¢. 

CHAIRMAN MCMILLAN: It appears that the work the autho: 
did in the small induction furnace may well be applied to 
melting in the air furnace in full production tonnages. 

We hear that “silicon pickup” or increase in silicon content 
toward the end of the heat does “not count”; i.e., the silicon 
is in such a form that it does not have the same effect as silicon 
melted down from the charge with respect to the formation of 
primary graphite and of enhancing annealability. The author's 
data indicate that it is ferrosilicon and has the same effect as 
silicon originally present in the melt. Is that correct? 

Mr. Heine: It would appear that way. I do not know. I do 
not see why it should have any effect. It is the same silicon we« 
have been talking about. 

CHAIRMAN McMILLAN: Is it ferrosilicon? 

Mr. Herne: I do not know whether it is ferrosilicon or not 
I do not know how it exists. 

CHAIRMAN MCMILLAN: The silicon increase or pickup is the 
result of the reduction of SiO, and is definitely silicon as such 
with the same characteristics as silicon introduced in the charge. 

Mr. Renper: On that particular point, Mr. McMillan, I can 
corroborate you from personal experience and cross checking of 
commercial melts when I was working in matleable foundries. 
I am satisfied that the silicon picked up from the furnace bottom 
or from the reduction of silica acts the same way as the silicon 
incorporated in the charge in any other way. As we all know, 
silicon added late in the bath sometimes has a tendency to pro- 
duce mottle, but if the bath temperature is increased or holding 
time in the furnace is increased, the mottling can be eliminated. 
I am satisfied that silicon from reduction of silica acts the same 
as any other form of silicon introduced. 

Mr. Herne: I did not understand Mr. McMillan’s question. 
I agree that the silicon that goes into the metal is metallic sili- 
con. I misunderstood the point. I thought that he was asking 
whether that silicon was combined with the iron in some wavy. 
I agree that it is silicon in the iron. 

W. R. JagscuKe:* I think most foundrymen attempt to con 
trol the melting furnace atmosphere. They try to start with a 
rich flame and with as little oxidizing as possible to preheat 
the charge. Then they melt it down quickly by increasing the 
heat input and the flame temperature as they go along close to 
a theoretical relationship of fuel and air and superheat the 
metal as quickly as possible. The slag is generally skimmed off 
early in the heat to provide a better heat transfer rate. Then 
after the temperature and composition are attained most ope) 
ators will again try to contro! the composition by introducing a 
rich flame again, and they reduce the ratio of air to coal and 
probably change the coal fineness intending to drop some of 
that carbon on the bath to retard the carbon loss under those 
high temperature conditions. 

Of the variables, probably the most potent is the depth of 
the bath. It is very difficult to have a shallow bath and control 
the temperature and if you do not control the temperature you 
do not control the carbon. Probably the range in variations is 
more due to the depth of the bath than to other operating con 
ditions. 

I think most practical operators appreciate these technical 
papers as they explain things they have learned and heard from 
old timers many years ago. Many of these things were expressed 
in phrases of rule-of-thumb stories like that in an earlier pape) 
where the silicon burns out, the manganese burns out and 
then carbon and in either the air furnace or converter practice; 
that is quite an old story to converter operators. The story was, 
“if the metal were hot enough the carbon would go out first.” 
That has been known but not explained nor graphically shown 
as it has been in this paper and I think the practical operators 
get a lot of pleasure out of hearing these things explained as 
they have been. 
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PART I - MELTING PRACTICE FOR ALUMINUM - BASE ALLOYS 


Types of Melting Equipment 


THE FOUNDRYMAN must usually use the equip- 
ment at hand. If, however, new equipment is being 
obtained, the foundryman has a considerable choice 
of furnace types. Furnaces may be heated with coal, 
coke, oil, gas, or electricity. Gas- and oil-fired furnaces 
are the most common, but recently the low-frequency 
induction furnace is becoming quite widely used, 
though it still accounts for a relatively small part of 
total furnace capacity. Pot-type holding and reverber- 
atory melting furnaces, equipped with electrical-resis- 
tance heating elements and high-frequency induction 
furnaces, have been used but are of relatively little 
importance for melting light alloys. 

The fuel-fired furnaces are of two types: the in- 
direct-flame, in which the products of combustion do 
not come directly in contact with the metal charge; 
and the direct-flame furnace, in which the products 
of combustion pass directly over the charge. The in- 
direct-flame furnaces may be of the lift-out refractory, 
crucible type, or may be stationary or tilting. The 
direct-flame type is usually represented by the rever- 
beratory, the barrel, and newer Sklenar reverberatory 
furnaces. 

Gas-fired radiant tubes have had very limited use 
for open-hearth melting. The advantage, of course, 
is that the metal charge is protected from the prod- 
ucts of combustion. The disadvantages are that such 
methods of heating have a high first cost, are less ef- 
ficient, and are slower than the direct-flame or other 
indirect types of heating. 

The degree to which all fuel-fired pot-type station- 
ary and tilting furnaces approach the indirect-flame 
type depends upon the design of the top of the furn- 
ace. In some instances, a very good seal is maintained 
between the cover and the top of the crucible so that 
the products of combustion cannot pass over the 
melt. In such instances, the products of combustion 
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escape through a port in the back of the furnace. If 
the ports are too small, some back pressure is pro- 
duced which may cause some gas penetration through 
the wall of refractory crucibles. In other designs, it 
is possible for all or part of the products of combus- 
tion to pass over the top of the charge and out through 
a center hole in the cover, with or without an addi- 
tional exhaust port in the rear of the furnace. 

Cast iron pots are supported by the top flange, 
which forms a fairly complete muffle, thereby avoiding 
contact of the melt with the products of combustion. 
Refractory crucibles, on the other hand, are supported 
on a refractory stool. In some instances, the refractory 
underside of the furnace cover is flush with the cru- 
cible, forming a complete muffle type which excludes 
the products of combustion from the melt. 


Choice of Melting Equipment 


The selection of the melting equipment depends 
upon local conditions. The method of heatirig chosen 
is usually the cheapest and most reliable for the local 
conditions. However, the problem of furnace choice 
is not a simple one because, in addition to the relia- 
bility and cost of the heat source per pound of metal 
melted, other factors, such as initial costs of the melt- 
ing equipment, installation cost, maintenance costs, 
relative working conditions in the melting room, 
temperature control, quantity of metal required per 
shift, the size of the melts needed, the method of 
pouring, and the relative melt qualities produced in 
the various types of furnaces must all be considered 
In general, the best melt quality, closest temperature 
control, and the best working conditions in the melt- 
ing room are obtained by the use of electric furnaces. 
The greater recent advances in the cost of oil and 
gas and the unreliability of their supply in some 
localities, have helped to produce a trend in favor 
of electric furnaces. However, in some locations, elec- 
tric power is costly also and in short supply. 

Supplying a large quantity of metal and melting 
large scrap may make a reverberatory furnace manda- 
tory. For reclaiming fine scrap such as borings and 
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Fig. 1—A schematic sketch showing a cross-section of 
a high-frequency induction furnace of the tilting type. 
The crucible is rammed in place. The water-cooled 
copper coil “T” carries the high-frequency current. 


turnings, the low-frequency electric furnace is finding 
considerable favor. 

The quantity of metal required per shift, and the 
type and size of the castings poured, of course, largely 
determine the size of the melting unit. Reverberatory 
furnaces and electric induction furnaces are not suited 
for melting where frequent changes in alloy composi- 
tion are necessary. 

The absorption of impurities is also an important 
consideration in the choice of melting equipment. In 
addition to the absorption of iron from cast iron tools 
and melting pots, there is also the possibility of sili- 
con pickup by the partial reduction of firebrick and 
similar refractories used as hearth linings. This is 
not usually a serious problem, because the great ma- 
jority of the aluminum-base foundry alloys contain 
substantial amounts of silicon as the principal alloy- 
ing element. However, silicon absorption from the 
refractories when melting aluminum alloys contain- 
ing larger amounts of magnesium or zinc can be quite 
serious because the silicon is a very harmful impurity 
in alloys of this type. Silicon pickup is usually worse 
in freshly lined furnaces. High-alumina linings re- 
duce this difficulty, as does the employment of eithe1 
chromite or zirconium silicate refractories for the 
hearth. 


Furnace Designs 


Fuel-Fired Lift-Out Furnaces—In the lift-out furn- 
aces, the crucible is placed inside of a pit-type furnace 
combustion chamber by means of tongs. After the 
melt has been prepared, the refractory crucible is re- 
moved with tongs, placed in a ring shank, and cast- 
ings poured, usually directly from the crucible in 
which the melt was made. If a cover is not used on 
the crucible, this type approaches the conditions of 
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an open-flame furnace. It is especially useful for sma! 
operations where maximum flexibility is needed, pa) 
ticularly in respect to variety of alloys. Refracton 

crucibles, usually clay graphite or silicon carbide, a: 

used. Grain refiners may be added, sodium modifica. 
tion effected, or degassing treatment applied after th: 
melt has been made and the flame turned off, as des 
cribed later in this paper. 


Fuel-Fired, Stationary, Pot-Type Furnaces— Ihe sta 
tionary furnace is usually gas or oil fired, but occasion 
ally it is heated by means of coke. Cast iron or re 
fractory pots may be used. The stationary furnace is 
usually employed for holding melts transferred to it 
from a tilt or reverberatory furnace. The melts are 
ladled from them and, therefore, such furnaces are 
commonly used in permanent-mold operations. 





Fuel-Fired, Tilting, Pot-Type Furnaces — Tilting 
furnaces are either gas or oil fired and may have ca- 
pacities up to 3000 Ib. Cast iron pots or refractory 
crucibles may be employed. This is the most widely 
used type of furnace in aluminum alloy foundries. 
The melts are transferred to the pouring ladle by 
tilting the furnace, an operation which should be 
done carefully to minimize turbulence and the ill ef- 
fects of the liquid cascading into the pouring ladle. 
If this is done improperly, gas can be absorbed and a 
large amount of dross formed as a result of the violent 
turbulence of the melt. 


Reverberatory Furnaces — Reverberatory furnaces 
have capacities from a few hundred to 100,000 lb, and 
are usually coke, oil, or gas fired. The melts are con- 
tained in the shallow basin immediately below the 
flame. They are primarily used for the production of 
large quantities of metal, particularly when melting 
scrap for the production of remelting ingots, and for 
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Fig. 2—This sketch shows a cross-section of a high- 

frequency furnace of the lift-coil type. A standard 

crucible is placed on the stand and the induction coil 

is placed around it. After the melt has been made, 

the coil is lifted off and the melt poured. Furnaces of 

this type, however, are not common in light-alloy 
foundries. 
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casting into ingots for the manufacture of wrought 
products. 

Small reverberatory furnaces with several dipping 
wells are frequently used for permanent-mold work. 
They are also sometimes used for melting metal for 
sand foundries, the melt being used directly from the 
furnace or transferred to a holding furnace for de- 
gassing and other treatments prior to casting. Rever- 
beratory furnaces used for this purpose have a charg- 
ing well at one end where charging, fluxing, degassing, 
and skimming are done, preparatory to pouring di- 
rectly into the molds. The thermocouples placed in 
the dipping wells are connected with the temperature 
control equipment. Pre-alloyed ingots and scrap are 
charged into the furnace more or less continuously 
and metal removed from the dipping wells continu- 
ously for the casting operations. 

Because the conditions in the open hearth are likely 
to produce large quantities of dross and high gas ab- 
sorption, it is important that the flame not be directed 
onto the surface of the bath, where it can cause con- 
siderable turbulence and consequent formation of 
dross with gas absorption. 

The materials used in the construction of the hearth 
are relatively important. Usually, common firebrick 
or high-alumina or chrome brick are employed. Bond- 
ing mortar of a calcined diaspore-base high-tempera- 









Fig. 4—A typical lift-out or pit-type stationary furnace 

for melting aluminum. The flue gases pass out over 

the top of the crucible through the hole in the cover. 

The melting conditions approach the direct- flame 
type of operation. 
























































Fig. 3—This drawing shows two sections of a low-fre quency, twin-coil, 125-kw lip axis, tilting furnace for 
melting aluminum. 
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Fig. 5—A typical hand-tilting furnace for melting alu- 
minum. The furnace is equipped with a cast iron pot. 
Though some flue gases escape from the opening un- 
der the lip of the pot, the. major portion of the flame 
discharges through a port in the back and provides an 
indirect-flame melting operation. 


ture cement or a high-alumina cement may be used. 
Zirconium silicate mortar is reported to provide long 
life by reducing penetration of the joints and, con- 
sequently, helps to avoid difficulties with buckling. 
The use of zirconium silicate brick in place of the 
firebrick produces a satisfactory hearth of long life. 
The initial cost of the “zircon” hearth is, of course, 
high. Local concentrations of high magnesium may, 
however, cause some difficulties with this type of re- 
fractory. Several courses of silicon carbide brick are 
recommended at the metal line. These bricks reduce 
dross build-up and make it easier to chip the dross 
from the refractory. Similar brick between the wells 
and heating chamber are advantageous because of im- 
proved heat transfer. The furnace design must allow 
for expansion and growth of the silicon carbide re- 
fractory. 

A hard-fired chrome brick is also sometimes used 
for the preparation of the reverberatory hearth. A 
chrome-base, high-temperature cement is used as a 
bonding material when a high-chrome brick is em- 
ployed. 

The two-chamber reverberatory is made by adding 
a second furnace hearth forming a separate chamber 
with a refractory wall between and each with its own 
burner. The metal is melted down in one end, called 
the melting chamber. After melting, the major por- 
tion of the dross is removed. The metal is then trans- 
ferred to the other end by means of a ladle or, better, 
by means of a siphon. To facilitate the transfer, the 
holding hearth is usually lower. 


Barrel-Type Furnaces—The barrel-type furnace, gas 
or oil fired, commonly used in brass melting is not 
used extensively in the United States for melting al- 
uminum, though they receive considerable favor in 
England, especially in large sizes. These furnaces rest 
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on trunnions, making it possible to rock or rotat 
the furnace slowly and to tilt it for discharging the 
molten metal. Furnaces of this type are reported to 
have low thermal efficiency, to cause local overheating 
of the melt, and to produce a large quantity of dross 
and, perhaps, an unusual number of suspended dross 
particles, which occur as hard spots in the casting 
Some of the large furnaces of this type built in Eng 
land are reported to have quite satisfactory thermal 
efficiency. 


Tilting Reverberatory— The small reverberator) 
furnace is mounted on trunnions for tilting, with one 
or more oil or gas burners at one end and a charging 
hopper at the other through which the products of 
combustion escape. The charge is preheated by the 
flue gases escaping through the hopper. This would 
be advantageous in that the adsorbed and chemically 
combined gases on the surface of the charge would be 
fairly completely eliminated by this preheating pro- 
cess. This feature also produces excellent thermal 
efficiencies and rapid melting rates. For example, a 
furnace holding 400 Ib of aluminum will require 
about 20 min for the melting operation. Low main. 
tenance costs are also claimed. 

The meta] is in intimate contact with the products 
of combustion and, as a result, excessive dross and 
gas absorption might be expected. As in the barrel- 
type furnaces, the short time required to heat the 
melt to the pouring temperature and the thorough 
preheating of the ingot and scrap before it contacts 
the melt surface may offset this apparent disadvant- 
age. Some foundries report that good-quality melts 
are produced with relatively small metal losses. It is 





Fig. 6—This photograph shows a hand-tilted crucible 

furnace. The crucible is mounted as illustrated by the 

section Fig. 11. The flame and flue gases pass over the 

top of the crucible and discharge through the center 

hole in the cover. These melting conditions approach 
the direct-flame type of melting. 
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claimed that approximately 1 gal of fuel oil or 135 
cu ft of natural gas (1000 Btu) are required to melt 
100 Ib of aluminum in these furnaces. 


Electric Furnaces—Holding furnaces of both pot 
and hearth types equipped with electric heating ele- 
ments have been used to a limited extent. When using 
the electric-resistance-heated pot or crucible furnaces, 
the melts are usually prepared in oil- or gas-fired tilt 
furnaces or in a reverberatory, then transferred to the 
electric holding furnace. The advantages of the elec- 
tric furnace are the absence of products of combustion 
from gas or oil, which might cause gas absorption, and 
the good temperature control which can be obtained, 
as for example, in permanent-mold foundries. Good 
temperature control can, however, be obtained in 
other types of furnaces also. 


Low-Frequency Induction Electric Furnace—In re- 
cent years, the low-frequency induction furnace is 
being used in a considerable number of melting rooms 
for the recovery of fine scrap, for the preparation of 
foundry melts, and as a holding furnace for melts 
prepared in other furnaces. These furnaces are pro- 
duced in sizes ranging from 60 to 500 kw, and have 
pouring capacities of 200 to 5,000 lb of aluminum. A 
holding furnace of 20-kw capacity holding 600 lb of 
metal is available. These furnaces operate with a 
fairly low power factor and, therefore, require static 
capacitors in the circuit. They also operate with a 
thermal efficiency of about 70 per cent on a 24-hr 
basis and 50 per cent on an 8-hr basis. On a 24-hr 
per day basis of operation, about 0.2 kw-hr per Ib of 
aluminum is required for melting and raising the melt 
to the pouring temperature. The low-frequency furn- 
ace is also built with two connected chambers for con- 
tinuous operation. Melting is accomplished in one 
side and pouring from the other chamber. Good temp- 
erature control is reported to be obtained on the 
pouring chamber side. 





Fig. 7—This stationary furnace for melting aluminum 
is equipped with a refractory crucible mounted as il- 
lustrated by Fig. 12. The flame and products of com- 
bustion escape primarily through the flue at the back. 
This design of furnace provides a close approach to 
indirect-flame type of melting. 












Fig. 8—This photograph shows a large motorized lip 

axis tilting furnace for melting aluminum. The cru- 

cible is installed as illustrated by the sketch, Fig. 12. 

The flue gases escape through a port in the back. The 

melting conditions approach that of indirect-flame 
type of melting. 


The furnaces operate from normal-frequency power 
sources and are controlled with voltage-regulating 
transformers and contactors. 

When starting a new lining, it is heated to a bright 
red heat in the lower channels with a gas torch or a 
strip resistance heater, and molten metal is then added 
to fill the channel. It is, of course, necessary to main- 
tain the liquid metal in the channels during the down 
period. It is also necessary to empty the channels 
and clean them out about once a week under full 
operation, or less frequently when the melting opera- 
tion is not up to full capacity. The frequency of 
cleaning depends somewhat upon the composition 
of the alloy being melted. 

One foundry reports that in 1946 a 150-kw low 
frequency induction furnace cost $15,000 installed, 
whereas a 1000-lb gas-fired tilt crucible furnace cost 
$3875 installed. At 0.7 cent per kw-hr, the power cost 
for the low-frequency furnace was $0.14 per 100 Ib of 
metal melted. In the same foundry where gas cost 
$0.50 per 1006 cu ft, the fuel cost in the gas-fired tilt- 
ing furnace was $0.15 per 100 lb. No comparable fuel 
costs for other types of furnaces are available, but 
fuel costs for reverberatory furnaces are approximately 
50 per cent lower. No cost figures were given on main- 
tenance. However, an average of 114 million pounds 
of aluminum can be melted with one lining in the 
low-frequency induction furnace. In all probability, 
the costs of maintenance would be in faver of the 
induction furnace. Likewise, reduced metal losses, 
improved melt quality, and better working conditions 
would favor the induction furnace. 

Another characteristic of the induction furnace, low 
or high frequency, is the automatic stirring of the 
melt by the induced currents. This insures melts of 
uniform composition and greatly facilitates the pre- 
paration of alloys. 


High-Frequency Induction Furnace—The high-fre- 
quency furnace in the larger sizes requires a motor- 
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generator set as a source of power. The first cost of 
the high-frequency installation is high. Primarily for 
this reason, they are not extensively used for melting 
aluminum alloys. The general melting efficiency ts 
about 60 per cent, which is 10 per cent higher than 
that of the low-frequency furnace based on an 8-hr 
day. Unlike the low-frequency furnace, the entire 
melt can be poured from a high-frequency furnace, 
thereby making it-more flexible in the foundry where 
it is desired to melt | lb of aluminum and heat it to 
the pouring temperature. The furnaces may be the 
tilt type, having capacities of from 20 to about 300 
lb of aluminum, or lift-coil type, having capacities 
up to about 90 Ib of aluminum. When using the lift- 
coil type, the coil 1s lifted after the melt has been 
made, and the melt in the crucible is carried to the 
mold and poured. This represents extreme flexibility 
in respect to handling a variety of alloys, avoids pos- 
sible metal damage during transfer, and eliminates 
ladles and ladle heaters. 

Because of the high thermal efficiencies of the high- 
or low-frequency induction furnaces, the greater re- 
liability of electric power, and the recent consider- 
able advances in the price of fuel oil, the cost pei 
pound of metal melted in the induction furnaces com- 
pares favorably with that produced by oil- or gas- 
fired furnaces. Excepting for the high first costs, the 
high-frequency induction furnace is an ideal melting 
unit for almost all types of materials. 


Selection of Pots and Crucibles 
and Their Maintenance 


The most common crucible and pot materials for 
aluminum melting are cast iron, clay graphite, and 
silicon carbide usually bonded with carbon. The re- 
fractory crucibles for the stationary and tilt furnaces 
must be carefully installed with proper support if 
they are to provide long service, and the flame should 
not impinge directly on the crucible. It is also especi- 
ally important that an oxidizing flame does not im- 
pinge upon or even be used for heating silicon carbide 
crucibles. If this is done, the crucible will have a 
relatively short life. The silicon carbide crucible has 
the advantage over clay graphite in that its thermal 
conductivity is higher and heat transfer is, therefore, 
more rapid. Considerable care must be exercised 
when using silicon carbide crucibles that pieces brok- 
en from them do not form hard spots in the castings. 
The clay-graphite crucibles are the easiest to clean 
out after the melting operation. All crucibles and 
pots, while hot enough to keep the adhering metal 
molten, should be scraped down with a blunt, round- 
ed steel blade after the melting cycle has been com- 
pleted. It is important, however, that refractory cru- 
cibles not be damaged in this operation. If this 
cleaning is done when the crucibles are still red hot, 
the dross is more readily removed and the refractory 
crucibles are less likely to be damaged. 

Serious contamination of the aluminum melt with 
iron will be caused unless the iron crucibles are 
cleaned and coated with refractory wash. For this 
reason, low-iron alloys such as those containing sili- 
con and magnesium as the principal alloying elements 
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should be melted in a refractory crucible rather than 
in an iron pot. In any case, the iron pot must be 
scraped down while it is hot and the interior coate:| 
with a thin slurry of red mud, an insulating materi! 
produced from bauxite, or with a wash of whiting, 
talc, or finely ground mica, with an addition of sod- 
ium silicate to promote adherence. The pots ai 

heated to a temperature slightly above 212 F befor 
putting the wash on with a brush or spray. It is im- 
portant that the refractory wash not be a hard scaly 
type; otherwise, if it were to flake off, it could be « 
serious source of hard spots in the casting. It is im- 
portant that such washes be thoroughly dried befor 
molten metal is transferred to them when the pot is 
being used in a holding furnace. In such cases, the 
cast iron pot should be heated to a low red heat to 
drive off any moisture in the sodium silicate, clay, 01 
other moisture-containing compounds in the wash. I! 
this is not done, the melt may be very seriously 
gassed, and there is some possibility of an explosion 
from the rapid evolution of steam and its reaction 
with the melt. 

When using lift-out or pit-type crucible furnaces, 
refractory crucibles are employed and they are lifted 
out and carried to the crucible in a shank, an opera- 
tion which must be done carefully with proper) 
fitted tongs and shanks to avoid damage or possibic 
failure of the crucible. 


Tools and Their Maintenance 


Furnace room tools such as stirrers, phosphorizers 
for adding volatile materials, skimmers, hand ladles, 
and fluxing tubes for degassing with inert gases are 
usually made of steel. It is very important that these 
tools be kept clean and properly coated with a refrac- 
tory wash. They should be thoroughly preheated to 
a red heat or nearly so before inserting them into the 
melt. Otherwise, they may be a source of hydrogen 
absorption and a hazard to the workmen. Graphite 
tools are sometimes employed and, though they are 
more fragile than iron or steel, are not sources of 
metallic contamination. Such tools must also be care- 
fully preheated to a red heat before they are inserted 
into the melt. This is especially true of carbon tubes 
and other devices used for introducing chlorine or 
halide fluxing compounds into the melt. The reason 
is that such devices invariably are covered with hygro- 
scopic compounds. These compounds, present from 
previous use, must be thoroughly dehydrated at a 
high temperature. 


Charging and Melting 


After the new furnace linings or new refractor) 
crucibles have been carefully and slowly preheated. 
the furnace may be charged. Furnaces which have 
been in use can be charged cold. They should not be 
packed tightly, however, because expansion of the 
charge will tend to crack the crucible. Bridging may 
also occur, causing overheating of the metal in the 
bottom. After the furnace has been charged and melt- 
ing started, more charge should be added on top as 
the solid material in the crucible settles into the melt- 
ing zone formed by the molten metal. This will in- 








wh oe 


—_ 


~ o> = FO -|- —F YY | = AB w 














\W. Eastwoop 


I 








sure preheating the ingot and scrap before it is intro- 

duced below the melt surface. This preheating is an 
important feature because it helps to eliminate the ad- 
sorbed and chemically combined gases, particularly 
moisture, on the ingot surface, as described pre- 
viously. 

The charge should consist of clean foundry operat- 
ing scrap of the alloy being melted and pre-alloyed 
ingot. The pre-alloyed ingot is usually prepared in 
reverberatory furnaces and the analyses determined, 
or ingots of the desired composition can be purchased 
from producers of remelting ingots. Some foundries 
prefer to melt their foundry scrap separately in large 
tilt furnaces, or, in larger operations, in a reverbera- 
tory furnace, analyze it, adjust the composition if 
necessary, and then pig it off for remelting in the 
foundry. 

In general, it is not desirable to prepare foundry 
melts from charges consisting, in part, of unalloyed 
virgin materjals, unless extreme care is exercised in 
obtaining the weight and correct composition of all 
the materials charged. There is some merit, however, 
in preparing aluminum alloys containing high con- 
tents of magnesium in the furnaces without pre-al- 
loying. The reason is that considerably less dross is 
formed, and the use of cover fluxes is minimized or 
eliminated. 

When it is necessary to add alloying elements to 
the foundry melts of aluminum, the low-melting ones, 
such as zinc and magnesium, can be added in the form 
of the pure metal. However, the higher melting 
point metals, such as manganese, nickel, silicon, titan- 
ium, chromium, and copper, should be added in the 
form of a master alloy of known composition. Silicon 
and copper can be added to the charge without re- 
sorting to a master alloy. However, their solution in 
the melt is relatively slow and considerable care must 
be exercised if this is done. Silicon tends to float on 
the surface of the melt and becomes oxidized, which 
greatly reduces its rate of solution. Magnesium also 
floats and must be submerged into the melt immedi- 
ately to prevent the formation of spinel particles and 
reduce oxidation and metal loss. 

Reverberatory furnaces may be operated as batch 
furnaces or semi-continuous or continuous melting 
units. When they are used at a batch furnace, all or 
most of the metal is drained from the hearth after 
each melting operation. In the semicontinuous meth- 
od, the melt is removed in batches and additional 
charges are added and melted between taps. In the 
continuous method, metal is removed continuously 
from the open hearth at one end while charges are 
being added at the other. This is best done in a 
double-chamber furnace in which the charge is melt- 
ed in one chamber and the metal is tapped continu- 
ously from the other. 


Preparation of Remelting Ingot 


The usual purpose of the reverberatory is to pre- 
pare remelting ingots of various aluminum-base al- 
loys. When this is done the available “heavy” scrap 
and virgin aluminum, constituting about one-half of 
the charge, are placed in the furnace and melted. 
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After it is melted, the other half of the charge is 
added, melted down, and the bath skimmed to re- 
move dirt and oxide. Continuous skimming should 
be avoided because it increases metal loss and pro- 
motes gas absorption. If a large amount of wet dross 
is formed, its removal may be facilitated by treating 
the melt with a solid or gaseous halide flux or chlor- 
ine, as described elsewhere in this paper. The alloy 
additions are made as described previously. The metal 
bath is then rabbled carefully to avoid undue dis- 
turbance of the melt surface, the purpose being to 
produce a melt of uniform composition. A chemical 
analysis is then made, and, if the results are satis- 
factory, the metal may be tapped and poured into re- 
melting ingots. If necessary, the melt may again be 
fluxed with chlorine or anhydrous aluminum chlor- 
ide before tapping. 

The taphole may be opened by drilling through a 
sand or fireclay plug in the furnace wall, and per- 
mitting the metal to pour out freely into the casting 
ladle. Some furnace operators employ a tapered plug 
or bar machined to fit into the pouring sleeve in the 
furnace wall in order that the rate of discharge can 
be controlled. 

The melting of wrecked aircraft parts, an important 
source of scrap metal during and after war, requires 
reverberatory furnaces with large doors to accomodate 
large pieces of scrap. Heavy metal inserts are re- 
covered by melting the scrap on a sloping hearth, the 
furnace being equipped in some instances with charg- 
ing doors on the roof. When the heavy metal inserts 
are free, they are raked from the sloping hearth, which 
minimizes contamination of the aluminum melt. 

It is necessary to stir the melt from the bottom up- 
wards to produce a uniform melt composition. This 
is necessary when using either reverberatory or pot- 
type furnaces, but the surface of the melt should not 
be broken. Contrary to some claims, it is not likely 
that such stirring and rabbling will aid in the re- 
moval of dross, but it will insure uniform composition 
of the melt. 

Some foundrymen advocate slightly oxidizing 
flames, while others prefer reducing flames for melt- 
ing aluminum. There seems to be no reason for 
either preference, other than consideration of fuel 
economy. There is some evidence, however, that 
slightly reducing flames will provide less metal loss 
during reverberatory melting of scrap, but may pro- 
mote greater gas absorption. 

Some melting-room operators prefer to drain, clean, 
chip off the dross, and repair the reverbatory furnace 
after each week of operation. Others recommend that 
this be done after each heat to reduce difficulties 
with “hard spots.” 


Effect of Temperature and Holding Time 


During the preparation of melts for the foundry, it 
is extremely important that the time at which the 
melt is molten and the maximum temperature both 
be kept to a minimum. In general, gating practices 
should be such that low pouring temperatures can 
be used. With the low pouring temperatures, low 
maximum temperatures can be utilized, and this is 
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of some importance in the production of melts of low 
gas content. Excessive melt temperatures and exces- 
sive holding periods also coarsen the grains, which 
tends to produce low mechanical properties in the 
castings. In general, melts which are prepared fo 
pouring at high temperatures should be used only 
for those castings requiring a high pouring tempera- 
ture. Melts subjected to high maximum tempera- 
tures should not be cast into molds that can be poured 
sections, even though the melt is cooled to the proper 
at low temperatures, especially castings having heavy 
pouring temperature. If melts subjected to high maxi- 
mum temperature are used, the castings with heavy 
sections will be unnecessarily coarse grained and un- 
sound with respect to pinhole porosity. 

Because overheating is so harmful to the quality ol 
the aluminum-base melt, it should be emphasized that 
the charge tends to continue to increase in tempera- 
ture after the burner has been shut off. This be- 
comes more evident when it is realized that only 17 
per cent of the total heat is required to raise the 
charge from room temperature to the melting point; 
82 per cent is required to melt it, namely, to raise it 
from the solidus temperature to the liquidus tempera- 
ture, but only | per cent is required to raise the 
melt 50 F. It is possible to equip the melting room 
with automatic signals which will warn the operator 
when the charge has been melted. 


Temperature Control and Temperature 
Measurement 


If a melt has been overheated or held for a long 
time in a molten condition, it is best to pig it off 
and remelt it. Melt temperatures in the furnace are 
usually measured by means of a closed-end No. 8 gage 
chromel-alumel thermocouple separated by double- 
hole porcelain insulators in a closed-end cast-iron pro- 
tection tube, | in. Lp., 114 in. o.v., and of suitable 
length to extend deep into the metal bath. The 
couple is connected by means of suitable compensat- 
ing leads to a millivolt meter where the temperature 
is read directly. To prevent iron absorption from the 
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protection tube and also to increase tube life, it 
should be kept clean and coated with a lime slurry or 
other refractory wash, similar to that described for 
cast iron pots. 

The measurement of the melt temperature by a 
more rapid-acting thermocouple is required for pour- 
ing ladles. Open-end and closed-end thermocouples 
are used. No. 8 to No. 14 gage chromel-alumel wires 
wrapped tightly with asbestos to within 14 in. of the 
lower open end are submerged into the melt. This 
is a rapid acting couple, but is not so reliable as a 
closed-end couple. Closed-end couples for rapid read- 
ing should be of light gage, and they may be the sta- 
tionary type for measuring temperature at a fixed lo- 
cation in the foundry or the portable type for use 
on the pouring floor. Thin-wall iron or silica protec- 
tion tubes are sometimes used on couples of this 
type. As a matter of fact, the measurements of the 
ladle temperatures are not too satisfactorily done 
because the « nployment of a protection tube makes 
the action of the couple too slow, whereas both open 
and closed unprotected couples require a great deal 
of maintenance because they are rapidly attacked by 
the molten aluminum. The burned asbestos of open- 
end couples is removed from the bottom, and the 
ends of the wires attacked by the aluminum are cut 
off. The damaged part of closed-end chromel-alumel 
couples is cut off and the ends re-welded. Some 
couples are made with replaceable tips, thus simpli- 
fying their maintenance. 

A thermocouple can be checked readily by placing 
it in a closed-end, thin-wall carbon tube and immers- 
ing it in a small pot of pure aluminum which is al- 
lowed to solidify. The temperature will drop continu- 
ously until the freezing point is reached, at which it 
will remain constant for a considerable period of time. 
This is the melting point of aluminum and corre- 
sponds to about 1218 F. Careful and frequent check- 
ing of the couple and millivoltmeter are necessary to 
avoid serious errors in the measurement of pouring 
temperatures. Portable instruments especially require 
frequent checking. 





PART II - MELTING PRACTICE 
Charging and Melting 


It should not usually be necessary for the foundry 
to prepare alloys from virgin or unalloyed materials. 
Primary ingot is made by the ingot producers by 
large-scale open-pot melting methods and in the re- 
verberatory furnace, described below. The flux-free 
metal of the desired composition is pumped from 
these furnaces to the ingot molds. The foundryman, 
then, is confronted only with the problem of remelt- 
ing the primary alloy ingot, purchased scrap, and his 
foundry scrap. If aluminum or zinc is added to the 
melt, it should be done in an alloying basket or hand 
puddler. Very fine scrap such as machine shop borings 
and turnings can be recovered by special melting prac- 
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tice, but such fine scrap should not be included in 
foundry melts. Preparatory to remelting, fine scrap 
should be stored in covered metal drums, because it 
is a fire hazard. Magnesium melts are prepared by 
the open-pot method, crucible process, reverberatory 
melting, and a special melting process for die casting. 

It is important that all of the materials charged 
into the furnace be clean and of known composition. 
Foundry scrap must be properly identified at the place 
of its origin and thoroughly cleaned of all adhering 
sand, if necessary, by blasting. The charges for the 
melting furnace are weighed, recorded, and taken to 
the furnace in steel tote boxes. The charge is a bal- 
ance of operating scrap, primary ingot, remelting in- 
got, reclaimed scrap, and purchased scrap known to 
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of correct analysis. 

A superficial coating of dirt and Mg(OH), forms 
on common foundry alloys of magnesium, and, there- 
fore foundry scrap should not be accumulated in the 
foundry but should be melted as soon as possible, 
the oldest scrap first. For the same reason, primary in- 
got should be carefully stored to minimize the forma- 
tion of corrosion product on the surface. However, 
even with good metal-handling procedures, it is es- 
sential that all of the charge be thoroughly preheated 
before it is introduced into the magnesium melt. 
This can best be done by charging the metal on top as 
it descends into the bath below, and by preheating 
the ingots on top of the furnace. In some cases, pre- 
heating the ingots in a separate furnace is necessary. 
To fail to take these precautions will not only pro- 
duce melts of high gas content, but personnel will be 
endangered because of the possibility of metal spat- 
tering. It is highly desirable for workmen to wear 
goggles or face shields and clothing fire-proofed with 
a suitable compound such as ammonium sulfamate. 

Crystalline magnesium produced by the ferrosilicon 
process can be melted in a manner similar to ingots 
produced from metal made in electrolytic cells. 
The so-called crystalline magnesium, however, may 
contain some oxides and nitrides in the form of solid 
particles or films. Thus, these compounds are mech- 
anically mixed with or form films on the magnesium 
crystals but are not dissolved in them. The magnes- 
ium crystals also present greater surface area per unit 
of volume of metal. The problem of melting this 
material, then, is somewhat similar to melting fine 





Fig. 9—This photograph shows the common, station- 
ary furnace for melting magnesium. The steel crucible 
is equipped with an ear at the top which rests on the 
cast tron furnace cover ring. Some of the flue gases 
escape around the rim of the crucible, but the bulk of 
them escape through a port in the back. Again, this 
design of furnace produces a close approach to the 
indirect-flame type of melting. 





Fig. 10—This photograph shows a large motorized lip 

axis tilting furnace for melting magnesium. Large cast 

or welded steel crucibles with ears on top are sup- 

ported by the cast iron flange at the top of this furn- 

ace. The flue gases escape through a port in the back 

and the melting conditions are essentially those of in- 
direct-flame melting. 


scrap. The magnesium crystals are submerged into a 
molten heel and greater amounts of melting flux of 
the Dow 230 type are necessary. 


The Open-Pot Method 


This method of melting has very wide applications 
in the production of primary ingot for fabrication 
into wrought form or for remelting in the foundry. 
It has relatively limited application in foundries, ex- 
cepting where it is necessary to transfer the metal by 
means of hand ladles, as in permanent-mold work 
and certain small sand foundry operations. It is also 
used for the recovery of fine scrap. It should be 
pointed out that some British foundrymen prefer to 
prepare melts for permanent-mold casting by the 
crucible melting process. This is done in smoothly 
operating tilt furnaces and usually the melt is pro- 
tected by a thick flux of the Dow 310 type or by an 
SO,-filled dome placed over the melt. 

When using the open-pot method of melting, a fluid 
flux, such as Dow 230, is placed in the melting pot 
which is heated to about 500 F. As soon as the flux 
begins to melt, preheated alloy ingots and clean 
foundry scrap are charged into the furnace and 
melted. Additional flux is sprinkled over the charge 
to prevent burning. When the entire charge is melted, 
the melt is skimmed, and fresh flux added, which is 
allowed to melt and then stirred into the molten 
metal. This refining operation is supposed to cause 
suspended dross particles in the melt to separate out. 
It should be noted that the flux, even after it has 
melted, contains some moisture which will react with 
the metal, and thereby be a source of gas. Recent 
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Fig. 11—This sketch shows the method of mounting 
refractory crucibles in tilting furnace in which, essen- 
tially, open-flame melting conditions are encountered. 


work in England has shown that the inclusion of ox- 
ides and flux found in castings poured from properly 
prepared melts does not arise from these nonmetallic 
materials suspended in the body of the molten metal 
prior to pouring, but such defects arise at the time of 
casting the metal into the mold. They further con- 
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Fig. 12—This sketch shows the method of mounting 
crucibles and the design of the top of the furnace in 
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cluded that the principal function of the flux is t 
provide a cover having suitable physical properties t 
provide protection on the one hand, and yet permi: 
the metal to be poured without any flux entering th: 
mold on the other. 


Crucible Melting 


Crucible melting is the most commonly used meth 
od in sand foundries. The melts may be made in 
relatively small steel crucibles and the melts poure« 
from them into the molds, or the melts may be mac 
in a much larger tilting furnace and the metal then 
transferred to the smaller stationary furnaces for re- 
fining, after which they are carried to the pouring 
floor and the melts poured into the molds. 

When preparing the melts by this method, the steel 
crucible is heated to about 500 F and a small amount 
of cover flux, such as Dow 310, is dusted on the cru- 
cible so that it adheres to the side wall and the bot- 
tom. Small pieces of magnesium are then placed on 
the bottom of the hot crucible, and larger pieces of 
clean foundry scrap and pre-alloyed ingots are added. 
Small additions of the flux are dusted on to prevent 
burning as the metal melts. When the crucible is 
filled, the melt is kept covered with a thin layer of 
the flux to prevent burning. This flux tends to be- 
come dry as it stands on the melt, and additional flux 
may be necessary from time to time to provide com- 
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which the melting conditions are essentially those of 
indirect-flame operation. 
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plete protection. 

If the metal is prepared in a large tilt furnace, the 
same procedure is used and the meta] heated to 1320 
to 1400 F. The Dow 230 type flux is usually used in- 
stead of 310 if a lower temperature is used, as the 
manganese tends to separate out, and if higher ones 
are used, difficulties with burning are encountered. 
The melt within this temperature range is stirred 
with an upward rolling motion, spectrographic analy- 
sis obtained, and the melt transferred to the several 
small, clean, preheated pots and taken to the station- 
ary furnaces. Some foundrymen hold the melt at 1220 
to 1260 F and, while waiting for analysis, flux it with 
oil-pumped nitrogen for 30 minutes. The melt is 
then raised to 1300 to 1320 F and then transferred. 
The walls of the large pot are scraped down, sludge 
removed, and the melt repeated. 

A sprinkling of cover flux of the Dow 310 type may 
be necessary to prevent burning in the holding furn- 
aces. With either method, the melt in the small sta- 
tionary furnaces is then ready for purification and for 
treatments to produce grain refinement. 


Metal Handling and Pouring 


After grain refinement, the metal is cooled o1 
heated to a temperature found to be satisfactory fon 
the job to be poured, taking into consideration the 
drop in temperature during the transfer to the mold. 
Upon removal from the furnace setting, the crucible 
is first taken to the pyrometer station, where it is 
placed in the pouring shank and all of the crusted 
fux removed. This operation must be performed 
very carefully, being sure that all of the flux on the 
crucible walls above the metal line is scraped clean 
and that all loose flux adhering to the crucible sup- 
porting ears is removed. Special attention must be 
given to cleaning the pouring lip. The metal is pro- 
tected from burning by dusting the exposed surface 
with a mixture of sulphur and boric acid after the 
flux is removed. 

When calcium is to be added to the melt, an ad- 
dition of 0.05 per cent is made at the pyrometer sta- 
tion. Calcium must be stored under kerosene until 
just before it is ready to be used, when it must be 
dried carefully and one corner filed down to clean 
metal. After the calcium addition, the metal must be 
poured without delay because the calcium burns out 
of the metal very quickly. 

After the flux has been removed and the calcium 
addition made where required, and while the metal 
is still above the required pouring temperature, the 
crucible is taken to the mold. The final determina- 
tion of the temperature of the metal at the time of 
pouring is taken at the mold with portable pyro- 
meters, 

Pouring temperature should be set for each cast- 
ing at the same time the gating is established. The 
proper pouring temperature must be closely controlled 
to prevent misruns or porous castings. 

Pouring of molds is done whenever possible with 
one crucible. However, the best gating procedure for 
some castings requires that two crucibles be poured 
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A pouring box is usually advisable when pouring 
magnesium alloys. The metal must never be poured 
directly down the sprue but the stream directed to 
the side of the basin away from the sprue. The metal 
must be poured rapidly at first to fill the pouring 
box, and the rate then adjusted to keep the pouring 
box full until the pour is completed. The pouring 
rate must be maintained as smooth as possible to pre- 
vent breaking the oxide skin surrounding the metal 
stream. The size of the pouring box is determined by 
the size of the crucible being used. The smaller 
boxes are usually of cast iron, and the larger ones ol 
rammed green sand held in a steel box or of baked 
core sand. 

The lip of the crucible must be held as close as pos- 
sible to the pouring box to prevent excess turbulence 
and oxide formation. 

During the pour, one man is stationed at the mold 
to push back any oxide or flux particles on the metal 
surface in the crucible and to prevent those nonmetal- 
lics from entering the mold with the metal stream. 
This man also dusts the mixture of sulphur and boric 
acid on the exposed metal to prevent burning. 

All of the metal in a crucible should not be poured 
into molds, but a heel of 10 to 15 per cent left in 
the bottom of the crucible to prevent flux in the bot- 
tom of the crucible entering the mold. 

After the pour, the heel is pigged and later charged 
to a remelt furnace. An alternate procedure is to 
empty these heels from several crucibles into one and 
pour this metal directly into a remelt furnace without 
pigging. 

The walls and bottom of the pouring crucible must 
be scraped clean before it is used for another melt. 


Melting in a Reverberatory Furnace 


Melting in a reverberatory furnace is carried out in 
a manner quite similar to the crucible method of melt- 
ing. No fine scrap should be employed because of the 
difficulties with dross formation. The clean foundry 
scrap and primary alloy ingot are charged into one 
end of the furnace on a preheating shelf from which 
they are pushed when adding the next charge. Alloy 
additions, aluminum, zinc, and manganese chloride 
are charged in a well at the end opposite that from 
which the alloy is pumped. Melting flux of the Dow 
230 type is used as a cover during the melting opera- 
tion to prevent burning. The melt is ladled or 
pumped from the furnace to the stationary furnaces 
where the metal is cleaned, degassed, and subjected to 
grain-refining procedures. It is also possible to degas 
the metal by chlorine fluxing in a manner similar to 
that used in reverberatory melts of aluminum-base 
alloys. To insure freedom from the 230 flux, the melt 
is pumped to a settling pot before transferring it to 
the molds. The reverberatory furnace is particularly 
useful for the production of alloys cast into remelting 
ingot, or for the production of large quantities of 
foundry melts. Melting rates of 5000 lb per hour are 
reported. 


Temperature Control and Measurement 


The problem of temperature measurement in the 
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magnesium foundry is much simpler than that in the 
aluminum foundry because closed-end chromel-alumel 
thermocouples with a plain-carbon or high-chromium 
heat-resisting steel protection tube can be used. An- 
other couple which is quite successful consists of a 
single insulated wire of constantan within and at- 
tached to the bottom of a closed-end iron pipe. Be- 
cause this is a rapid-acting couple, it is very useful 
for the measurement of pouring ladle temperatures 
with either stationary or portable equipment. 


DISCUSSION 


Chairman: J. J. WARGA, Piasecki Helicopter Corp., Morton, 
Pa. 

Co-Chairman: P. J. SCHERBNER, Sperry Gyroscope Corp., Great 
Neck, Long Island, N. Y. 

MARSHALL Srevens:* What effect does fluxing with dry nitro- 
gen have on 220 alloy in regard to formation of dross, gas holes, 
or porosity? 

Dr. EAstwoop: If we use nitrogen for fluxing 220 alloy con- 
taining about 10 per cent Mg, the results are less consistently 
good than if we use chlorine. Nitrogen does not have the fluxing 
action, and therefore is not so likely to remove dross from the 
metal. If the nitrogen is not quite pure it might actually be a 





MELTING ALUMINUM AND MAGNESIUM-BASE ALLO\ 5 


means of introducing dross into the metal. My experience wi:) 
nitrogen for fluxing 220 alioy has shown that it generally is not 
beneficial. On the other hand, chlorine usually is beneficial if it 
is carefully done and care is exercised that the fluxing systein 
does not become contaminated. 

Mr. Srevens: What is the next best material other th: 
chlorine? 

Dr. Easrwoop: As far as I know there is no second best 
material for fluxing the 220-type alloy. 

D. L. LAVeLLe:* When discussing the use of chlorine, you 
mentioned that it is not suitable for aluminum-silicon alloys 
Will you elaborate on that? 

Dr. Eastrwoop: The difficulty with using chlorine with 
aluminum-silicon alloys is that the chlorine tends to remove 
the sodium. Aluminum-silicon alloys require small amounts of 
sodium to produce silicon particles having a desirable shape. 
If there is some sodium in the melt, the silicon particles will 
approach a spherical shape. If sodium is absent in the melt, 
silicon will form a plate-like structure which reduces the ducti! 
itv of the casting. Chlorine removes the sodium to a greater ex- 
tent than nitrogen. For that reason, many foundrymen prefer to 
use nitrogen rather than chlorine for fluxing aluminum-silicon 
alloys. If chlorine is used, usually some method must be em 
ployed to restore the sodium content. 


1 Metallurgist, Peerless Aluminum Foundry Co., Inc., Bridgeport, Cono 
2 Research Metallurgist, American Smelting and Refining Co., Barber, N. J 
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RADIOGRAPHY AS AN ASSISTANT TO 
FOUNDRY PRACTICE 


By 


Charles B. Johnson* and Stanley A. Brosky** 


EarLy IN 1944, the production of non-ferrous 
pressure-tight castings, from a quality standpoint, 
apparently reached an all time low. Raw materials, 
especially virgin metal, ‘were difficult to secure. Sup- 
plying foundries were enjoying a peak production of 
castings which did not have to withstand pressure 
and could be produced from the materials available. 
For our castings the attempted usage of this material 
resulted in an abnormal percentage of rejections, at 
times this percentage reached 100 per cent for in- 
dividual shipments. Apparently sound castings were 
found faulty when subjected to final tests. The na- 
ture of the product was such that it was almost im- 
possible to run preliminary tests because leakage was 
encountered only after machining through surfaces of 
which one side had been machined and the so-called 
protective skin removed. 

Figure 1 shows an assortment of valve bodies and 
plugs as they are received from the foundry and sent 
to our laboratory for x-ray examination. 

A rejection at the final test resulted in the loss of 
machine-hours. This was costly as was the loss of 
material, assembly and dis-assembly labor. These 
losses amounted to a considerable total, especially 
when the product was assembled on a_ production 
basis. 





Fig. 1 


*Chief Engineer, Rockwell Manufacturing Company, Pitts- 
burgh. 

**Department Head of Metals, Pittsburgh Testing Labora- 
tory, Pittsburgh. 
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Figure 2 shows a completely machined valve plug. 
You will note the numerous areas that are machined. 

Castings that appeared sound after machining had 
to be rejected at final test because of leakage. The 
rejection of machined castings which appeared to be 
sound from a visual inspection caused continual con- 
troversy with the. supplying foundries. This contro- 
versy reached its height particularly when rejections 
were made in the face of favorable hydraulic tests 
conducted by the supplying foundries. This seeming 
inconsistency was cleared up satisfactorily when it was 
pointed out that the finished product would be used 
sometimes on gases or violently active chemicals that 
would penetrate the metal through pores so fine that 
they could not be discovered by ordinary testing and 
visual inspection. 

In order to alleviate these conditions and supply 





Fig. 2 
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castings to the Manufacturing Section that would not 
leak after machining, the co-operation of the various 
supplying foundries was solicited. Arrangements were 
made to work directly with a captive foundry. The 
raw materials and the charging of the furnace was 
carried out under close supervision. ‘Temperatures. 
both melting and pouring, were closely controlled. 
Various heats were purged, using different purging 
agents. Melts were made of both virgin metal and 
secondary ingot. A detailed log was made of every 
heat. ‘This included chemical analysis of both raw 
materials and finished products, test bars, to deter- 
mine physical properties, temperatures, both furnace 
and pouring, and the type of raw material used. Under 
these conditions we were able to increase the yield of 
usable castings, but not to the point where all cast- 
tings could be machined with the assurance that they 
would be pressure-tight when finally assembled. 

We further developed the fact that by using sec- 
ondary ingot satisfactory castings could be produced. 
Our experience was that the use of virgin materials 
increased our yield to some extent. It thus became 
evident that some method of non-destructive, pre- 
machining inspection was necessary. 

Several methods were investigated and the x-ray 
method was finally accepted as offering the most 
promise. With the use of this method for accepting 
or rejecting these castings, supplying foundries im- 
mediately raised violent objections. In an effort to 
provide a method or technique which would be in- 
fallible, we examined many castings by x-ray and then 
cut them up into wafers or slices, varying in thick- 
nesses from 4g in. to 4 in. X-rays were made of the 
individual slices and also of the slices after they had 
been re-assembled in order to determine just what 
could be expected from the x-ray when used on cast- 
ings of varying thicknesses. Many castings were 
machined, assembled and tested to substantiate the 
x-ray findings. 

It was discovered early in the investigation that x- 
raying the entire casting would prove too costly. The 
critical areas for each type of casting were located by 
machining, testing and x-raying again. 

Figure 3 shows a cross-section of a typical valve 
body indicating the critical areas and where the x-ray 
radiograph is taken. 








ae > 
Fig. 3 








At first the results obtained were not entirely satis- 
factory because the obvious defects were not the ones 
that were causing the so-called leakage or seepage. 
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As mentioned before, these castings that leaked afte 
final machining showed no flaws or defects upo 
visual examination of the machined surface. When 
x-rays were taken of relatively small spots and th: 
exposure was correct it was readily discerned that we 
had been overlooking a type of porosity which was 
causing our trouble. This porosity we have calle: 
microscopic. Particular care was given to various met- 
als to see that the best technique was being used to 
bring out this peculiar structure. 

In the case of the leaded bronze* a technique was 
set up that would most clearly show the porosity that 
caused the leakage. 

A typical exposure would be as follows: 

Material: 34-in. Leaded Bronze* 


Voltage: 215 ky 
Cc 

Current: 15 ma 
Exposure Time: 1 min 


Target to Film Distance: 36 in. 

Filter Used: 0.015 in. of Copper 
Penetrameter: 2°,, of Thickness 
Type of Film: Eastman Kodak K 

The authors would like to point out that all their 
work using this technique is done with Eastman Ko- 
dak K film since it is very fast and the grain structure 
or size makes interpretation of radiographs of rough 
castings easier. We have found that the coarseness 
of the film grain helps eliminate the surface roughness 
of the casting on the radiograph. 

We refer to our system of radiographing castings 
as the “single exposure technique” since in most in- 
stances a single radiograph of as little as 4 sq. in. of 
area will enable us to obtain sufficient information 
to accept or reject the castings in sizes up to and in- 
cluding 4 in. Such a casting will weigh approximately 


60 lb. 





*Typical analysis:—Cu, 88.0; Sn, 9.75 Pb, 2.00;, Ni, nil; Im- 


purities, 0.25. 
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Above this size we x-ray one critical spot in the 
body of the casting and one such spot in the connect- 
ing flange area. This technique has proved satisfac- 
tory for use on castings weighing up to 4,000 Ib. 

Figure 4 is a photo showing the way a typical radio- 
graph is taken and how the machine is focused. 

Interpretation of the radiographs is somewhat dif- 
ferent than that usually practiced with routine radio- 
graphs. Obvious defects, such as blow holes, shrink- 
age cracks, gas porosity, etc., are secondary in the 
acceptance or rejection of the casting. The first item 
of major importance is whether or not the metal 
quality is satisfactory. If the quality of the metal is 
acceptable, then the obvious defects play their part 
in determining the acceptance or rejection of the cast- 
ing. Naturally, the size of the defects, their location 
and their dispersal also have a great bearing on this 
acceptance or rejection. 

Figure 5 shows a radiographer interpreting radio- 
graphs. 

Our interpretation of the negative must of necessity 
include the visual examination of the condition of 
the surface of the casting at the same time the radio- 
graph is viewed on the view box. 

Figure 6 shows how rough a casting might be when 
it is received at the laboratory for x-ray examination. 

We have found, for example, that castings that are 





Fig. 6 


smooth as far as outside appearance is concerned can 
be porous when internal structure is considered. Fur- 
thermore, castings that show a rough surface con- 
dition have been found in many instances to be 
sound and of good metal quality. 

In general, the interpretation of the radiographs is 
based on the ability of the radiographer to see the 
fine mottled structure, at times interspersed with pin- 
pointed dark areas which we have come to call “dross- 
like” porosity. We have used this term “dross-like” 
porosity to describe a condition that exists in the 
non-acceptable castings since it appears to be caused 
by a material similar to dross that has moved through 
or has been entrapped in the casting. In the past, 
this condition has been referred to as micro-shrinkage 
or micro-porosity. It has been found that castings 
showing this condition to a minor extent have been 
leakers under pressure testing, and, of course, are re- 
jects after machining. Consequently, they are now 
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Fig. 9 





Fig. 10 
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rejected by the radiographer. 

A system of numbering the castings was inaugurated 
in order that the castings could be checked and pres- 
sure tested to determine the accuracy of the x-ray 
examination. All castings were checked at double 
the rated working pressure. 

The results of this checking enabled us to set up 
a 3-way classification of castings as received from the 
foundries. These three classifications were (1) ac- 
ceptable, (2) borderline acceptable, and (3) not ac- 
ceptable. Acceptable castings (1) were those of which 
there was no doubt as to their being satisfactory after 
machining and assembly. Borderline acceptable cast- 
ings (2) were those in which there was better than a 
50 per cent chance that the castings would prove 
pressure-tight after machining. These did not in- 
clude such defects as cracks, large blow holes or other 
similar defects for which castings are normally re- 
jected. The not acceptable classification (3) included 
those in which the porosity was great enough to elim- 
inate any possibility of the castings being usable. In 
this classification checking has proven that the metal 
quality of castings was poor. 

Figure 7 shows a typical scene showing the classi- 
fication of these castings. Figure 8 shows a group of 
castings that have been classified. You will note the 
paint color on the castings and the areas outlined 
which had been radiographed. 

Figures 9, 10, 11 and 12 are positive photographs 
of actual negatives of castings and of each of the 
three groups or classifications. Figure 12 shows a 
radiograph of a casting that contained many fine 
cracks and the mottled structure. This was the same 
casting that was used in making a macrograph, show- 
ing its internal structure. 

After the radiographs have been interpreted, the 
castings are divided into the previously mentioned 
three classifications and stenciled with the same num- 
ber as that identifying the film. These castings and 
films are used for further case history studies. To 
eliminate any further inspection, the acceptable cast- 
ings are painted green; the borderline group green- 
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red, and the not acceptable castings red. This mark- 
ing enables us to determine the acceptance or rejec- 
tion of the entire heat. 

The reason for the borderline classification is that 
it has been found from actual tests that these castings 
in over 50 per cent of the cases will have a metal 
quality which is acceptable so that abnormal losses 
are not experienced after machining and assembly. 

A standard metallurgical technique was developed 
in an effort to double check the x-ray findings. Rep- 
resentative castings were sectioned on the bandsaw 
and subsequently machined to a smooth finish by 
shaping which brings out the grain structure to a 
certain extent and finally macro-etched by immersion 
in an aqueous solution of 15 per cent nitric acid. 
The period of time of immersion will depend to some 
extent on the defective condition. It has been found 
that a uniform grain structure and equiaxed individ- 
ual grains are generally speaking indicative of a 
sound casting. Defects such as porosity, blow holes, 
etc., will be readily visible to the naked eye after 
this preparation. In all but a few exceptional cases 
100 per cent agreement was found to exist between 
the findings of the x-ray examination and metallurgic- 
al investigation. 

Figure 13 shows a macrograph of a typical good 
metal structure. 

Figure 14 shows a macrograph of a typical very 
poor structure. This was the same castings which 
was radiographed and shown in Fig. 12. 

Figure 15 shows a photomicrograph of a good 
metal structure. 

Figure 16 shows a photomicrograph of a poor metal 
structure. 
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Figure 17 shows a photomicrograph of a good met- 
al structure, the light spots are the gamma phase and 
the dark spots are lead. 

With the adoption of this practice and subsequent 
additions to it, we have been able to eliminate lost 
machine time and reduce machining and material 
cost as well as improve quality. These savings have 
been reflected in supplying foundries’ practice. In 
view of the thorough and rigid inspection to which 
the castings are subjected more care is taken in the 
foundry, resulting in increased yields of acceptable 
castings and the reduction of foundry losses. This is 
true to such an extent that those suppliers who felt 
that under these conditions it would be necessary to 
receive an increased price per pound have actually 
found that they can, if they so desire, reduce the 
price per pound. 

An additional advantage is that the life of the 
valves has been definitely extended. To what extent, 
we are unable to say, because sufficient time has not 
elapsed. We do know that an increase has taken 
place, particularly when they are used under varying 
corrosive conditions in handling many different prod- 
ucts. We feel this is true because the elimination of 
the porosity on the finished surfaces has made it 
more difficult for the various media to attack the 
metal. The feeling is that when the porosity reaches 
the machined surfaces and is exposed to these prod- 
ucts, that the porosity provides easier access to the 
metal and that something similar to intergranular 
corrosion takes place. 

In the beginning, as previously stated, the foundry 
reaction was one of violent opposition. Insistence on 
the use of this method of inspection met with a more 
or less passive resistance. We are pleased to report 
that the better foundries have now reached the point 
where on any new production they refuse to make 
any production runs until the samples have been sub- 
mitted for x-ray examination and the complete re- 
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sults reported to them. Usually a single set of samples 
is sufficient for them to make necessary corrections. 

We have made it standard practice to permit the 
supplier to examine the x-ray negatives with the ob- 
ject of improving the quality of his castings. 

If it is found necessary, changes are made in the 
foundries’ techniques, such as method of gating ot 
risering, pouring temperature, etc. Once a satisfactory 
casting has been secured, they apparently experience 
little difficulty in maintaining this quality. At pres- 
ent, when rough castings are received from the found- 
ry, they are impounded immediately upon receipt and 
5 per cent are inspected or examined by the x-ray 
method. Never less than two castings are used to 
check a given heat of metal. If more than 10 per 
cent of the samples are classified as “not acceptable,” 
an additional 10 per cent of the original shipment is 
inspected. If more than 10 per cent of the second lot 
fails, the entire lot of castings from that particular 
heat is rejected. It is worthy of note that rejections 
have been reduced to the apparent minimum, prob- 
ably less than 2 per cent of the castings received being 
rejected. This has resulted in the increasing of pro- 
duction runs with the assurance that the assembled 
product will satisfactorily pass the required tests. 

Figure 18 shows a medium size valve after it had 
been x-rayed, machined, tested and ready for use. 

This paper has been based on experience with ap- 
proximately 50,000 bronze* castings for valves. How- 
ever, with some modification, it is being used on 
other non-ferrous metals, such as mercoloy,** mon- 
el*** and nickel.t It is being extended to other 
products where metal quality is a prime requisite. 


* Typical analysis:—Cu, 88.0; Sn, 9.75; Pb, 2.00; Ni, nil; Im- 


purities, 0.25. 

**Typical analysis:—Cu, 60; Zn, 10; Ni, 25; Sn, 1; Pb, 2; Fe.2. 

***Typical analysis:—Ni (includes a small amount of co 
balt), 63.00; Cu, 32.00; Fe, 1.50; Mn, 0.75; Si, 1.60. 

+Typical analysis:—Fe, 0.25; Mn, 0.50; Si, 1.25; C, 0.50; Ni 
(including cobalt), 97.00. 
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DISCUSSION 


Chairman: W. B. Scott, American Brake Shoe Co., National 
Bearing Div., Meadville, Pa. 

Co-Chairman: H. G. ScHwas, Bunting Brass & Bronze Co., Tol- 
edo, Ohio. 

Wa. RoMANorF:' The authors made the statement that they 
had slightly better results with virgin metal than they did with 
secondary metals. I would like to know the reason why. 

Mr. JoHNson: I should say in the beginning that we are not 
foundrymen. We buy the bulk of our castings from outside 
sources. We started out with the premise that virgin metal 
was a necessity andewere able to increase our yield by different 
methods of purging. When virgin metal was difficult to obtain, 
we resorted to secondary metal, and our results, to all intents 
and purposes, were the same as those for virgin metal. Why, 
we cannot tell you. 

W. N. Ruten:? Did you make fracture tests in connection with 
your X-ray examination for comparison purposes? 

Mr. JOHNSON: Yes, with the 88-10-2 alloy. 

Mr. RuTen: What did you find out from the fracture? 

Mr. JonHnson: The fractures will definitely support the radio- 
graph. 

H. J. Roastr:* One would expect the foundries producing the 
valves would take the same standard as the people to whom 
they sold the castings. Why do they not install an x-ray in- 
spection unit, or at least employ someone to do it for them, 
rather than wait until the castings have been used? 

Over a great many years I have not found the superiority of 
virgin metal over properly made composition ingot. The 
whole question seems to resolve itself in metal quality which 
can be controlled by a fracture test or the x-ray itself. It 
would seem to me that it is for the foundry to adopt this 
standard and that prior to the user of the castings. 

CHAIRMAN Scott: X-ray technique is one thing and interpre- 
tation of the x-ray results is another. Most foundries are not 
equipped financially or personnel-wise to take on a complete 
radiographic study. Most of us are still small foundries by 
nature. It is helpful to find a laboratory that has enough 
know-how of foundry practice and willingness to go along with 
the step by step procedure to correct the condition. 

Some of us had experience with aircraft-type castings which 
required 100 per cent x-ray inspection. On x-ray there was no 
quantitative method, while here they do have a grainy o 
mottled color. I would like to ask the authors whether they 
arrived at a quantitative method of x-ray interpretation? 

Mr. JoHnson: We adhere to the three classifications men- 
tioned in the paper. We have found that 50 per cent of those 
valves classified as borderline will be acceptable after machining. 
J. O’Keerre, Jr.:* The original fracture test that Howard Tay- 
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lor and I developed and published in 1948 indicated that the 
principal problem in obtaining high quality bronze valves, 
once the gating and risering set-up for production has been 
established, was to obtain uniformly high quality melts. 

In testing this metal, we poured a fracture test from each 
pot of metal, and six bushings were poured from each pot of 
metal. We found that of 60 bushings poured from metal of 
fair or low quality, 30 of these bushings leaked when tested 
under 250 lb steam pressure. On the other hand, of 60 bush- 
ings poured from high quality heats, all of these castings were 
satisfactory when tested. 

We found that as soon as the quality of the melt had been 
established by means of the fracture test, we could then pre- 
dict whether the bushings cast from this melt would be uni 
formly sound or whether we would get a high percentage of 
leakers; that is, after the castings had been machined on the 
inside surface and on the outside. 

I wanted to emphasize here the melt quality aspect. No mat- 
ter what the previous history, whether the metal is virgin or 
ingot, so long as you know that the metal you have put into 
the casting is good quality, the results will be high quality 
castings. 

M. J. Davison:*? The authors stated that they rejected leaky 
castings on the basis of x-ray examination. Did they increase 
the yield of satisfactory castings from use of secondary metal by 
purging? I believe that is what they said. What did they purge 
with and was there any attempt to determine what was re- 
moved by purging? Was the material slag or sulphides? 

Mr. Brosky: I will answer the question on the analysis of 
the material first and Mr. Johnson will answer the question on 
purging. Mr. Johnson submitted three samples to me of the 
material he purged out. The materials were so complex that 
we did not conclusively determine what it is, but it was a 
slaggy or silicate-type material. 

Mr. JoHNsoN: We tried a number of different reagents for 
purging and finally settled on chemically pure nitrogen. We 
purged the furnace for 6 to 8 min at a flow of about 10 to 12 
cu ft per min. We purged the ladle for about 3 min with a 
flow of about the same magnitude. Anyone would have prob- 
ably achieved the same results with other methods of purging. 

Mr. Davison: The purpose of purging was to remove this 
slag from the secondary material was it not? 

Mr. JOHNSON: Yes. 

B. N. Ames:® I would like to compliment the authors for intro- 
ducing radiography as a control tool to improve castings. The 
authors stated that equiaxial crystallization is perhaps the best 
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structure. We have felt for a long time the mode of solidifica- 
tion of the tin bronzes can contribute considerably to pressure 
tightness or leakage, and it may or may not be tied up neces- 
sarily with metal quality. Equiaxial crystallization is more apt 
to give a greater amount of this microshrinkage due to the 
mode of solidification. 

Utilization of the fracture test for melt quality control is 
excellent but I still feel we need an inspection field for cooling 
rates of castings which differ from that of the actual fracture 
test. 

Mr. JOHNSON: In our own captive foundry we probaby were 
feeling our way. We changed the method of gating and ex- 
perimented consideraby with the pouring temperatures. We 


1Vice President and Tech. Supt., H. Kramer & Co., Chicago. 

2Chairman, Industrial Process Dept., Polytechnic Institute of Brooklyn, 
Brooklyn. 

3Bronze Foundry Consultant, London, Ontario, Canada. 

‘The Falcon Bronze Co., Youngstown, Ohio. 

5Senior Metallurgist, New Lork Naval Shipyard, Brooklyn. 

*Met. Engr., Ohio Brass Co., Mansfield, Ohio. 

7™Metallurgist, The Canada Metal Co. Ltd., Toronto, Ont., Canada. 
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simply pointed out to the foundry that this casting was bad ai 
showed them why. We are now getting satisfactory commerci. 
castings to such an extent that we have discontinued our ow: 
foundry, because we can buy them cheaper. 

H. C. AHL, Jr.:° It is my understanding that you take samp 
pourings only for x-ray. Are the remainder of the valves hy- 
draulically tested? Secondly, have you any comparative data 
where, rather than hydraulic testing, the valvces have bec: 
tested radiographically and does this show any improvement 
a production-wise method? 

Mr. JoHNnson: The finished valve is definitely tested at thr 
different pressures: at twice the rated working pressure, at | 
times its working pressure for mechanical leaks, and finally at 
operating pressure. 

Mr. AHL: Any leaks you find during the subsequent hydrauli 
testing are not due to metal quality but to some outside sourc: 
Is that right? 

Mr. JoHNson: I would say that in 98 per cent of the cases 
that is true, due to something other than metal quality. 
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DIELECTRIC CORE BAKING 


By 





J. Wesley Cable* 


APPROXIMATELY 35 INSTALLATIONS of equipment 
for baking foundry cores dielectrically are in opera- 
tion today. The accelerated rate at which these units 
have been installed is far more indicative of the ac- 
ceptance of the method than the total number of in- 
stallations. In 1945, two units were in operation. At 
the end of 1946, five units were functioning. In 1950, 
17 of the total 35 units were placed in operation. It 
is often the case, when a radically new process is in- 
troduced to industry (and certainly dielectric core 
baking falls in this category), that a large number of 
installations are made immediately upon its intro- 
duction as a result of claims made by the manufac- 
turers and developers of the process. It is also common 
to see further adoption of the process drop off rapidly 
because the equipment fails to perform in accord- 
ance with these claims. Such a trend in installations 
indicates either one of two things: the process or 
equipment is basically unsound, or it was offered to 
industry prematurely and further perfection was 
needed before it could be considered a production 
tool. 

The rising curve of dielectric core baking installa- 
tions shows no such trend. Yearly increased accept- 
ance of the process seems a certainty, based upon data 
obtained from its users. Advantages and savings are 
being obtained which were unheard of in the foundry 
industry. 


Equipment 


There have been no basic changes in the funda- 
mental equipment used to heat foundry sand cores 
dielectrically. Consequently, there is no reason to 
repeat a discussion of the manner in which heat 
energy is introduced into the core by the dielectric 
field. Instead of altering the original design concepts 
of the equipment (and this shows that sound engi- 
neering went into the early production equipment), 
expansion of productivity has been the goal. Units 
of greater capacity have been made available to the 


* Consulting Engineer, Thermex Div., The Girdler Corp., 
Louisville, Ky. 
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foundry industry. Not only have the pounds of cores 
baked per hour in a single unit been increased—up to 
four tons per hour—but the width of the conveyor 
belt and the spacing between the electrodes have been 
increased accordingly. Standard. large-capacity units 
now accommodate core plates 72 in. in width, with an 
over-all core height of 18 in. Special units are readily 
constructed to any specific requirements. As a result 
of the development of larger units with greater capac- 
ity, the cost of equipment on a tonnage basis has been 
reduced considerably over the smaller capacity units. 
The larger size dielectric units also represent consid- 
erably less investment than completely mechanized 
conventional-type ovens of equivalent production 
capacity. And, they occupy only a small fraction of 
the floor space. 

Cores are carried between the high-frequency elec- 
trodes progressively on a conveyor. Experience has 
shown that the steel chain-belt conveyor is far super- 
ior, under operating conditions encountered in the 
foundry, to rubber, canvas duck, or other materials. 

Improvements have been made in the electrical cir- 
cuits of dielectric core baking units to improve the 
operating characteristics of the equipment. Higher 
and higher electrode voltages are being utilized, and 
this improves the heating ability of the unit with no 
appreciable adverse variation in the mass distribution 
within the core. For example, cores with a high cen- 
tral body and wide base flange, such as the bell core 
for cast pipe, can be heated more uniformly and at a 
more rapid rate with increased electrode voltage. This 
higher potential also has done much to overcome the 
reduction in output which resulted from cores of dif- 
ferent height being run through the unit simultane- 
ously. Special control circuits have been developed 
which eliminate shut-down of the equipment as a re- 
sult of occasional uncontrollable flash-overs between 
the high-voltage electrode and the cores passing be- 
neath it. An “electrical brain,” so to speak, is in- 
corporated within the unit which differentiates be- 
tween inconsequential flash-overs that cause the power 
circuit to be momentarily overloaded, and short-cir- 
cuits of a serious nature that might cause damage to 
the equipment if it remained energized. Installations 
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equipped with such a control circuit are automatically 
re-energized after flash-overs which occur from local- 
ized water condensation, ionization of the air be- 
tween the electrodes due to instaneous high voltage 
gradients, and other phenomena which do not repre- 
sent a faulty operating condition. This innovation 
has practically eliminated shut-downs of the equip- 
ment under normal operating procedure. 


Resin Core Binders 


While the core binders used in conjunction with 
dielectric core baking equipment do not represent an 
actual part of the installation, the over-all effective- 
ness of the process depends completely upon thei 
performance. Consequently, it is in order to review 
the progress made in thermosetting resin type core 
binders so essential to the dielectric core baking meth- 
od. The two basic materials from which such binders 
are made consist of urea-formaldehyde and phenol- 
formaldehyde. This does not mean that these two 
compounds are the only resins from which core bind- 
ers can be formulated. Others, especially melamine, 
have been used to advantage, particularly in Europe. 
It is the author’s opinion that new materials will be 
developed which will prove superior in the future to 
those presently available . . . a viewpoint supported 
by the extensive research programs being carried on 
by practically every binder manufacturer. Neverthe- 
less, the urea and phenol-base core binders available 
at present are vastly superior to those ‘used at the in- 
troduction of dielectric core baking to the foundry 
industry. 

In the early use of resin type core binders, derma- 
titis was occasionally encountered among workers who 
were exposed to these materials. Investigation showed 
that this was largely attributable to the free formal- 
dehyde present in the core mix as a result of the use 
of formaldehyde-base binders. Improvement in formu- 
lation, and better quality control in processing, have 
permitted the binder manufacturer to offer products 
which give off practically no free formaldehyde, be- 
fore, during, or after mulling. As a result of these 
improved products, the problem has been reduced to 
the status of general industrial hygiene. 

The reduction of free formaldehyde to a negligible 
amount has also done much to eliminate the problem 
of irritating fumes given off from the mix prior to 
baking, and also from the baked cores as they are re- 
moved from the dielectric equipment. Smarting of 
the eyes, accompanied by tearing, is caused by the 
presence of free formaldehyde. Any reduction in 
amount will correspondingly reduce the annoyance to 
operating personnel. This problem is closely allied 
with the odor problem which must be recognized 
when urea-base binders are used. While the reduc- 
tion of free formaldehyde has done much to minimize 
this problem, the decomposition products of urea- 
formaldehyde have an unpleasant odor. 

Like all objectionable odors, new ones are more 
noticeable than ones that have existed and been tol- 
erated over an extended period. This accounts, in the 
opinion of many people, for the occasional objection 
to the use of urea-formaldehyde base core binders in 
the foundry. Good housekeeping, becoming more and 
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more recognized as a necessary adjunct tu successful 
foundry operation, will do much to eliminate the 
odor problem. If, however, this is not practiced, and 
proper shakeout procedure and ventilation cannot be 
offered to relieve the situation, the substitution of 
phenol-formaldehyde base binders will usually solve 
the problem, since these materials do not have the 
objectionable odors inherent to urea-formaldehyce 
compounds. Only in exceptional cases, has such a 
replacement failed to duplicate the physical require- 
ments of the cores, though the mix may be more ex- 
pensive when phenol-base materials are used. 

Resin-type core binders can no longer be referred 
to as “dry binders,” since they are now furnished in 
both the liquid and powder form. Liquid formula- 
tions seem to be favored by both the users and sup- 
pliers because the resin is more easily and uniformly 
dispersed throughout the sand with standard mulling 
equipment when the binder is added to the liquid 
state. Some shelf life is sacrificed, however, since the 
resins tend to “kick over’’ when stored for any appre- 
ciable length of time at room temperature. Improve- 
ments have been obtained through the use of liquid 
resins in that the total concentration of base resin has 
been substantially increased, thereby enhancing the 
performance of a given quantity of binder through 
greater percentage of active ingredients. Whether the 
resin binder chosen will be in the dry or liquid state 
will depend, to a great extent, upon the practice best 
suited to the particular foundry. Excellent results 
have been obtained on all types of cores with both 
classes. 


Accelerators for Resin Core Binders 


Accelerators have been developed which improve 
the characteristics of the cores made with resin-type 
binders. ‘These manifest themselves in a number of 
ways: lowering the curing temperature, speeding up 
the cure at a given temperature, effecting a more com- 
plete cure, and producing a bond which is unaffected 
by water or moisture. Lower curing temperatures are 
important in the use of binders of this type in con- 
junction with dielectric baking. The heat energy re- 
quired to bake a given weight of cores is drastically 
reduced, and a corresponding increase in output for 
a unit of given power rating is obtained. The uni- 
formity of heating throughout the core, and the com- 
plete absence of “hot spots,” makes the dielectric 
process especially suitable for use with the lower 
temperature resins. The advantages obtained through 
the use of accelerators, however, make such resin bind- 
ers more critical under conventional baking proced- 
ures, since the inherent relationship between tempera- 
ture distribution and mass distribution when a core 
is baked by thermal transmission from an elevated 
temperature atmosphere is bound to overbake the 
sections of less mass. Cores are also more susceptible 
to surface overbaking with lower temperature resins 
when conventional ovens are used. 

This brings up the point of the evaluation of resin- 
type binders, as applied to dielectric core baking, 
from the data obtained from test runs made in con- 
ventional ovens. Many prospective users of dielectric 
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core baking first question the use of resin-type bind- 
ers to replace their presently-used core oil. In an at- 
tempt to determine whether or not the substitution 
will be satisfactory, representative cores made with 
resin-type binders are baked in their conventional 
ovens. In certain types of cores, of more or less uni- 
form mass distribution, or where critical surface char- 
acteristics are not important, such tests are suitable 
to prove the point in question. More often, the geo- 
metry of the core is such that certain sections will 
overbake, or the surface characteristics will be im- 
paired by overheating when conventional baking is 
employed, and the binder is considered unsatisfactory. 
This same core, on the other hand, baked dielectric- 
ally and using the same binder and formulation, 
would, in all probability, have met specifications. If 
the test had been made with the conventional oven 
temperature held at the optimum specified curing 
temperature of the particular resin binder being 
tested, there is no doubt that good cores would have 
been produced. Baking with the lowered oven temp- 
erature would be so slow, however, that the baking 
cycle would equal or exceed that used with oil bind- 
ers, and the claims made by the resin binder manu- 
facturer for rapid baking would not be realized. 


The suppliers of resin binders have formulated 
products which are suitable for conventional oven 
baking, and at the same time, capable of being 
baked dielectrically. This approach naturally leads 
to a compromise in baking characteristics, since the 
binder must be able to withstand the temperature 
gradients always present within the cores when they 
are baked in conventional ovens, and yet have a cur- 
ing temperature sufficiently low to be adaptable to 
the dielectric method. There is every indication that 
the binder manufacturers will soon offer a product 
especially formulated for dielectric baking, with a 
low temperature polymerization point. The intro- 
duction of such a product will certainly be welcomed 
by the manufacturers of dielectric core baking equip- 
ment. With such a binder available, even greater ad- 
vantages will result to the users of the process. Nat- 
urally, this binder will undoubtedly be sufficiently 
temperature-sensitive to preclude baking on conven- 





A high-frequency dielectric core baking installation. 
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tional ovens, and the prospective user will not be 
able to try out the binder by baking test cores in his 
presently-used ovens. This will eliminate, however, 
the misconceptions of the characteristics of resin bind- 
er performance which, as already has been pointed 
out, result from such procedure. 

As more and more foundries install dielectric core 
baking equipment and additional operating data are 
collected, the need for proving the acceptability of 
the process has rapidly diminished. When and if a 
binder especially compounded for dielectric use is of- 
fered, sufficient production data will undoubtedly be 
on hand to eliminate the necessity for demonstration. 
It is gratifying to observe the close cooperation be- 
tween the binder manufacturers and suppliers of di- 
electric core baking equipment, since the realization 
by one of the problems that confront the other is 
bound to bring about results beneficial to the foundry 
industry. The high degree of perfection which has 
been attained today in synthetic resin core binders is 
a result of this interchange of knowledge. Continued 
and equally impressive improvement will undoubtedly 
be seen as time goes by. 


Green Handling 


Many claims were made for savings and advantages 
resulting from the handling of the core material and 
cores up to the time they entered the dielectric bak- 
ing unit. These included less mulling time, loading 
directly from the core bench or core blower onto the 
conveyor of the dielectric equipment, elimination of 
intermediate loading racks or trays, and general labor 
saving in core making procedure. Analysis of operat- 
ing data from foundries using dielectric core baking 
offers the following substantiating evidence for these 
claims. 

Foundry “A’’ reports that it previously required 
five men to load the cores onto racks, place the racks 
in the ovens, remove them from the ovens to the cool- 
ing area, and finally transport the baked cores to the 
inspection room. The production line features of di- 
electric core baking achieved the same production 
with only two men, thereby saving three man-days of 
labor per day. Additional savings were obtained 
through increased productivity of the core makers. 
Under conventional oven baking procedures with 
rack-type ovens, approximately 15 per cent of the 
core makers’ time was spent in loading and trans- 
porting the cores he made. 

With dielectric core baking, only 5 per cent of his 
time was utilized in transferring the core plate from 
the core bench to the conveyor, thereby saving 10 
per cent of the core makers’ time for more productive 
endeavor. Mulling time was also decreased by 40 per 
cent, which practically doubled the capacity of the 
existing mulling equipment. Improved productivity 
of the core makers was also observed after the dielec- 
tric equipment was installed, and supervisory per- 
sonnel believe this was due to the improved working 
conditions brought about by the introduction of the 
process. Previous oven installations had made the 
core room hot and dirty. These conditions, unhealthy 
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from a labor standpoint, were eliminated. Fewer re- 
jected cores from sagging and slumping while in the 
green state were also reported. 

Foundry “B” was able to reduce the number of men 
needed for loading and unloading the ovens from 
four to two, thereby saving 2 man-days per day. The 
number of core makers for equivalent production was 
reduced from 18 to 15 through the increased pro- 
ductivity brought about by the streamlined features 
of the dielectric installation. Savings were also re- 
alized through less green state failures from slumping 
and sagging. And, improvement in genera] core room 
morale was noted as a result of the more attractive 
working conditions. 

Foundry “C”, on the basis of converting one-half 
of their core baking requirements to the dielectric 
process, and retaining conventional ovens for large 
cores (which represented approximately 50 per cent 
of their work in the core room), were able to get 
along with eight oven tenders as compared to 14 when 
the core room used only oil-fired ovens. 

Foundry “D”, by converting completely to dielec- 
tric core baking, was able to eliminate entirely the 
labor of eight men required for oven loading and un- 
loading, with the core room handling 16 tons of cores 
per 8-hr shift. The expected reduction of unsatis- 
factory cores as a result of change in dimensions while 
the cores were in the green state was also realized, 
and improved working conditions in the core room 
brought favorable comments from the workers. 

Foundry “G’’, with a production of 22 tons of cores 
per 8-hr day, all cores being made on roll-over mach- 
ines, was able to eliminate one of the three core mak- 
ers and two of the four helpers . . . an appreciable 
reduction in the total labor involved. 

Foundry “H”, in which the core room turned out 
414 tons of cores on two shifts, was able to reduce the 
number of core makers to 15 from an original crew 
of 23, and eliminate three oven tenders and core 
handlers. 

Obviously, not all these savings come from green 
handling improvement. But the majority of them 
are, in some way, attributable to this phase of dielec- 
tric core baking. The examples given have been chos- 
en at random from the data accumulated, and each 
illustrate the point in question. 


Baked Handling 


Since the conveyor carries the baked cores from the 
dielectric baking equipment directly to the inspection 
department, or to tote boxes in which they are trans- 
ported to the molding area, savings in baked handling 
also come about, just as in the case of green handling. 
The cores are relatively cool when they leave the high 
frequency electrodes, compared to those leaving a 
conventional oven, and can therefore be handled 
manually without intermediate cooling. This en- 
tirely eliminates the labor involved in the double 
handling of conventionally baked cores: once from 
the ovens to the cooling area, and again from the 
cooling area to inspection and the molding floor. The 
handling of core plates and driers in conjunction 
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with dielectric core baking is also facilitated along 
similar lines. Data obtained from the various fouid- 
ries support these projected savings. 

Foundry “A” now uses one man to handle aid 
route the baked cores, compared to five men formerly 
employed when the baking was done in conventional 
oil-fired ovens. The absence of fumes and heat given 
off from the baked cores greatly improves the work- 
ing conditions for this particular work and effects 
greater worker morale. 

Foundry “D” reduced the number of handlers re- 
quired to unload the ovens and transport the cores 
to the molding floor from 24 to 8, thus reducing labor 
expense for this particular operation to one-third its 
former cost. This was especially important because 
this foundry was located in a high cost labor area. 

Foundry “F” was able to entirely eliminate the 
need for handlers after the cores had left the dielectric 
unit, since the exit conveyor was extended to carry 
the baked cores directly to the inspection tables. Four 
man-days of labor per day were thus saved. 


Increased Core Room Yield 


The data given above for green handling and baked 
handling largely involve the savings in labor brought 
about by the use of dielectric core baking. In every 
case, however, appreciable gains in over-all core room 
yield were realized. Causes for rejected cores wer 
minimized in every way and the yield was increased 
to greater than 90 per cent in all the foundries stud- 
ied. The improvement was brought about both in 
the green and baked states. In many instances, cores 
of vastly superior quality to that ever obtained from 
conventional baking methods were produced. One 
foundry reports that it previously had a core room 
yield of only 50 per cent, largely due to cores sagging 
in the green state, and that no methods of support o1 
reinforcing could provide a-remedy for the condition. 
Dielectric core baking completely solved the prob- 
lem, because of the extremely short time the cores 
remained in the green state. After dielectric equip- 
ment was installed, the core room yield for this par- 
ticular operation was increased to 93 per cent. 

Over-baking is a constant source of trouble in at- 
tempting to increase the percentage of good cores pro- 
duced in the core room. The over-baking may occur 
at a certain section of the individual core, caused by 
the nonuniform temperature distribution throughout 
the core as a result of variation in geometry, or a 
group of cores may come from the oven completely 
over-baked. The latter condition may be attributable 
to the manner in which the cores are placed with re- 
lation to each other as they are loaded into the oven. 
This is proved by the tendency to over-bake of the 
outer rows of a group of pin-cores placed on a core- 
plate, or by temperature variation within the oven 
over-baking the cores placed in the “hot spot” area. 
The absolute insurance that it is impossible to over- 
bake cores which the foundry obtains when dielectric 
core baking is utilized entirely removes this cause of 
reduction of core room yield. Stresses set wp within 
the cores as a result of nonuniform temperatures 
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throughout their mass have been shown in practice 
to be virtually non-existent when dielectric core bak- 
ing is used. Consequently, core failures resulting from 
deformation and changes in dimensions beyond the 
specified tolerances caused by these stresses do not 
plague the core room foreman by contributing to low 
core room yield. 


Improvements in Castings 


The data accumulated as a result of the experience 
gained by the foundries using dielectric core baking 
show that the benefits of the process are not confined 
to the core room, in labor savings, improved working 
conditions, better cores and increased yield. Produc- 
tion improvements are noted on the molding floor 
and in the cleaning department, and the quality con- 
trol group and sales department also share the ad- 
vantages in the improved product that the foundry 
offers to its customers. The greater collapsibility of 
cores baked dielectrically using resin binders is re- 
ported by the foundries using the process as one of 
its outstanding features. For example, Foundry “L”’ 
reports that certain cored castings, involving thin- 
finned sections, could never be successfully produced 
with cores made from oil binders and baked in con- 
ventional ovens. The use of dielectric core baking, 
therefore, made it possible to take on work that was 
very profitable . work that formerly had to be 
turned down, much to the chagrin of the sales group. 

Foundry ‘““M” reports that harder and stronger cores 
are obtained by dielectric baking, and that the sur- 
faces are smoother, thereby improving the finish of 
the casting on the surfaces formed by the core, and 
minimizing “burn-in.” These surfaces are also free 
from sand inclusions, and cleaning and machining 
operations are thus greatly simplified and less costly. 
This particular foundry, along with numerous others, 
realizes improved shakeout to the extent that the 
labor involved in this effort has been reduced by one- 
half. Blow holes are avoided as a result of the low 
gas content of the resin binders and the rate of evolu- 
tion of the gas minimizes casting rejects from this 
cause. 


Resulting Economics 


Foundry “I’’, making small pipe fittings, reports a 


70 per cent reduction in labor required for cleaning, 
and a complete elimination of rejects from gassing— 
both the results of using dielectric core baking. The 
improved collapsibility of cores made by the process 
has also been reported to have done much to elimin- 
ate hot-tearing in thin-walled sections. 





Samples of cores baked dielectrically. 











Resin Mixes and Costs 


Contrary to the opinion of many foundrymen, core 
mixes using resin binders are often less expensive than 
the oil mixes which are replaced. In substantiation 
of this original claim, it is well to look at some cor- 
responding oil and resin mixes used in various found- 
dries which have replaced their conventional ovens 
with dielectric core baking equipment. 


Founpry “A” 


Ingredient Oil Mix Resin Mix 
Sand “A” 1100 Ib 1200 Ib 
Sand “B” 200 Ib 100 Ib 
Core Oil 31% gal - $4.41 cone 
Cereal 6 Ib - $0.36 10 lb - $0.60 
Resin—urea-formaldehyde a gag 15 Ib - $3.45 
Water 6 gal 
Binder Cost $4.77 $4.05 


Founpry “B” 


Ingredient Oil Mix Resin Mix 
Sand 650 ib 650 Ib 
Core Oil 2.5 gal -. $2.375 see 
Cereal 2 Ib $0.12 5 Ib - $0.30 
Resin—urea-formaldehyde bate 7.5 Ib - $1.725 
Binder Cost $2.495 $2.025 
Founpry “D” 
Ingredient Oil Mix Resin Mix 
Sand 1440 lb 1440 lb 
Cereal “A” 6 Ib - $0.34 10 Ib - $0.56 
Cereal “B” 2 Ib - $0.13 
Core oil 6 qt - $2.23 eee 
Resin—phenol-formaldehyde er 6 Ib - $1.35 
Kerosene ye 3 qt - $0.12 
Parting agent hina 1 pt - $0.24 
Binder Cost $2.70 $2.27 


Founpry “M” 


Ingredient Oil Mix Resin Mix 
Sand 800 Ib 800 Ib 


Core oil 2.9 gal - $2.90 ‘see 

Resin—urea-formaldehyde ee 8 Ib - $1.76 

Cereal 4 lb - $0.24 4 Ib - $0.24 
Binder Cost $3.14 $2.00 


For certain rigorous requirements, the cost of resin 
binders may be equal to or greater than the equival- 
ent core oil, especially where the use of phenol-form- 
aldehyde base binders is called for. In such cases, 
however, the additional binder cost represents a small 
part of the total operating expense and is offset many 
times by other savings resulting from the use of dielec- 
tric heating. 


Fuel and Energy Costs 


The high overall thermal efficiency of the dielectric 
core baking process makes it, without doubt, the most 
economical method for baking cores from a fuel cost 
standpoint. Even in the low cost, natural gas areas, 
it has shown itself able to compete favorably with 
gas-fired ovens of the most modern design. Since all 
of the heat energy from the unit is concentrated 
wholly in the cores themselves, with the equipment 
remaining at room temperature, this high thermal 
efficiency may be expected, and the basic concepts of 








164 


the operation of the process contrast sharply with 
conventional heating methods. Comparative operat- 
ing costs of fuel-fired and dielectric core baking equip- 
ment verify these savings. 


Founpry “A” 
6 tons of cores processed per 8-hr shift: 
Fuel cost—oil-fired ovens, 270 gal per shift at $0.09 .... $24.30 


Energy cost— 
dielectric core baking, 442 kwh per shift at $0.01 .. $ 4.22 


Savings — $20.08 per 8-hr shift 
Founpry “B” 


7.4 tons of cores processed per 8-hr shift: 


= ee ee eee $30.60 
ERenGeNtnE ClectPice! “GmenBy .. 26... cece acces 0.48 
$31.08 

Energy cost—dielectric core baking ................-. $ 9.95 
Savings — $21.13 per 8-hr shift pea 


Founpry “E” 


8 tons of cores processed per 8-hr shift: 
Buel cCost—coml-Bred GOVCMS  .occ cic ccccccvccccsis ccs $17.20 
Energy cost—dieletcric core baking, 442 kwh at $0.015 .. 6.65 


Savings — $10.55 per 8-hr shift 
Founpry “F” 


8.2 tons of cores processed per 8-hr shift: 


Fuel cost—gas-fired ovens, gas at $0.43 per 1,000 cu tt .. $12.96 
Energy cost, dielectric core baking 
Electrical energy at $0.007 per kwh .............. 3.08 
Savings — $9.88 per 8-hr shift 
Maintenance 


Maintenance costs are always difficult to establish, 
since they depend to such a great extent upon the 
operating procedures followed in individual found- 
ries. Many plants are satisfied to let equipment run, 
with little or no maintenance, until an operating 
failure occurs, while others have scheduled mainten- 
ance work. However, since dielectric core baking 
equipment has reduced moving parts to just the con- 
veyor, small blowers and their motors, and high temp- 
eratures, burners, and the dirt and soot inherently 
present with combustion equipment have been elimin- 
ated, physical maintenance should be reduced to a 
minimum. Production experience has borne this out. 
However, the electronic tubes, which are the heart 
of dielectric core baking equipment, require replace- 
ment after failure, and, based on service life data, the 
cost of tube replacement amounts to approximatel: 
$0.25 per ton of baked cores. This value should be 
charged against the operating and maintenance cost 
of dielectric core baking equipment when cost studies 
are made. 

As far as over-all maintenance is concerned, users 
of dielectric core baking equipment report that an 
occasional blow-down of the units with an air-hose 
will remove dirt and sand that has collected through 
usage. This constitutes the only maintenance opera- 
tion required for satisfactory continuous production. 
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Space Requirements 


The evaluation of space within a foundry and the 
calculation of savings resulting from the reduction of 
area for a given operation also present a difficult as- 
signment. However, the basic design of dielectric core 
baking equipment plus the extremely small area that 
is occupied by the cores during the baking cycle, in- 
sure that the floor space and volume needed for a 
given output would be far less than equivalent con- 
ventional baking equipment. The comparison of space 
requirements for various installations of dielectric 
core baking equipment, along with evaluation of the 
space made by the users, show substantial savings. 
This space saving also reflects the reduction in floor 
area brought about by the streamlining of production, 
elimination of racks and cooling areas, and other 
similar advantages gained by the use of dielectric core 
baking. 


Founpry “A” 


6 Tons of cores processed per 8-hr shift: 


Floor space—conventional oil-fired ovens .......... 800 sq ft 

Floor space—dielectric core baking ............... 115 sq ft 
I os Sets sc Mike a CbR ads VLAN 685 sq ft 
Evaluated at $1.25 per sq ft annually .. $856.00 


Founpry “B” 


7.4 tons of cores processed per 8-hr shift: 


Floor space—conventional oil-fired ovens .......... 5,400 sq ft 
Floor space—dielectric core baking .............. 3,600 sq ft 
OIE iia wna rags sade cd omens < okee's 1,800 sq ft 


Evaluated at $1.50 per sq ft annually .. $2,700.00 
Founpry “G” 


22 tons of cores per 24 hr, three 8-hr shifts: 


Floor space—conventional oil-fired ovens .......... 1,516 sq ft 
Floor space—dielectric core baking .............. 500 sq ft 
RIND ork oh cide ove iva ae emai eaniies 1,016 sq ft 


Evaluated at $1.50 per sq ft annually .. $1,524.00 


Driers and Core Plates 


When dielectric core baking was originally devel- 
oped, it was immediately recognized that metal core 
plates and driers could not be used. First of all, the 
thermal capacity of the mass of metal is usually suf- 
ficient to pull heat away from the core and cause 
under-baking of the surfaces of the core in contact 
with the drier or core plate. Secondly, the fact that 
the metal is an electrical conductor affects the dielec- 
tric phenomen to the extent of often making the bak- 
ing unsatisfactory. This latter effect is especially no- 
ticeable in driers where the unbaked cores rest in a 
relatively deep cavity. The metal of the drier, ex- 
tending up the sides of the cores, produces an effec- 
tive. electrical shield to the action of the high-fre- 
quency field. 

The use of nonmetallic core plates presented no 
problem in the introduction of dielectric core baking 
to the foundry industry, since many foundries had 
already shifted over to asbestos-board core plates. 
Plates of this latter type were often less expensive 
than metal plates, were lighter in weight and, there- 
fore, better from a handling standpoint, and absorbed 
less heat from the core baking equipment. Plates of 
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Sand core driers and core box bases, made from a 
strong plastic, for use with high-frequency dielectric 
core baking equipment. 


asbestos-board composition are suitable for use with 
dielectric core baking equipment, but because of the 
total absence of high temperatures encountered in 
conventional oven baking equipment, materials of 
superior physical properties for the dielectric process 
are available. Extremely light weight composition 
board, when used for core plates, greatly improves 
the operating characteristics of the dielectric process, 
and plywood core plates have been used to advantag: 
accompanied by an appreciable savings in investment. 

The importance of using core plates and driers of 
low thermal capacity should not be overlooked in the 
application of dielectric heating for core baking. Any 
nonmetallic material placed between the high fre- 
quency electrodes will absorb a certain amount of 
heat energy. Therefore, it is advisable to choose a 
material having electrical characteristics which will 
result in the minimum amount of energy being trans- 
ferred to the plate or drier, and yet not provide a 
chilling action to the cores. The formula 


3413 x P 


30(1 + K) + 11M (1) 


can be used to approximate the pounds of cores per 
hour which can be obtained for a dielectric unit of 
given output capacity. In this formula, 


W =} pounds of cores per hour 

M = Moisture content of sand, per cent 

K = Compensating factor for driers, core plates, 
reinforcing rods or chills 

P = Power rating of dielectric unit, kilowatts 


The factor K may be computed from the respective 
weights and specific heats of the cores, core plates, 
driers,-and metal parts such as chills and rods. For 
example, for a core weighing 10 lb and a drier weigh- 
ing 5 lb, with 40 per cent of the area of the drier 
covered by the core, 
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per cent area of cov erage 
aes x Wt. of drier Sp. Ht. of drier 
K, = 100 





Wt. of core x Sp. Ht. of core 


(2) 


0.40 x 5.0 x 0.20 
= = 0.20 

10.0 x 0.20 
If the core contains a reinforcing rod weighing 1.0 
lb, additional allowances would have to be made in 
computing K. 


Wt. of rod<Spt. Ht. of rod 1.00.10 
K,=———_________ = (3) 
Wt. of coreXSp. Ht. of core 10.00.20 
= 6.05 
K = K, + Kz = 0.20 + 0.05 = 0.25 





Therefore, with a dielectric heating unit rated at 15 
kw output, the weight of cores of the above type 
which could be produced, with a moisture content 
of 2 per cent, is, from Eq. 1 


3413 x 15.0 
OP er Bee ae 
30 (1 + 0.25) + 11 x 2.0 


= 860 lb per hr 


If no driers or reinforcing rods were used in the cores, 
the value of K becomes zero, and the pounds pe 
hour of cores which can be produced by a unit of 
given capacity becomes a function of the moisture 
content of the sand mix. Under these conditions, Eq. 
1 can be expressed 


3413 x P 
i en Ae (4) 
30 + 11M 


Values of W as a function of M, with P equal to 15.0 
kw, are shown in Fig. 1, plotted from Eq. 4. The im- 
portance of retaining the moisture content as low as 
possible for maximum production is graphically dem- 
onstrated. 

Figure 2 shows a family of curves of different mois- 
ture contents which give production as a function of 
K, plotted from Eq. 1. 

The economies obtained from dielectric core bak- 
ing which are reflected in the investment in core 
plates and driers result from the short baking cycle 
inherent to the process. Reports from the foundries 
using the method show that the number of driers or 
core plates for a given operation can be reduced to 
one-twelfth to one-fifteenth the number needed with 
conventional oven practice. Replacement and main- 
tenance are 4lso reduced appreciably by the use of 
dielectric heating, since the lower temperatures and 
short heating cycles greatly increase the service life 
of the plates and driers. The accumulation of dirt 
and oil on the surfaces of the parts is minimized, and 
the cost of cleaning the plates and driers periodically 
is reduced accordingly. 

The fabrication of nonmetallic plastic driers for 
dielectric core baking is an accepted procedure. Tech- 
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niques have been developed for producing driers 
which are satisfactory for use in dielectric heating 
equipment, and which have suitable physical char- 
acteristics to give the required dimensional toler- 
ances, along with resistance to wear and abrasion 
over continued service life. The particular material 
which has proven most satisfactory for the fabrication 
of these driers is a polyester casting resin, reinforced 
with glass fiber. 

The material is supplied in the liquid state, and 
upon subsequent addition of accelerators and cat- 
alysts, is ready for use. It is poured into a metal 
mold, made in accordance with the same procedures 
and tolerances for metal driers, and backed up with a 
matching member. The assembly, clamped together, 
is then baked in an oven. After the resin is cured, 
the mold is parted and the drier removed. The match- 
ing surface is then finished on a surface grinder to 
fit the core box, sufficient grinding stock having been 
allowed in the design of the master mold. The cost 
of making plastic driers is comparable to that for 
metal driers, and the personnel of the pattern shop 
are, in general, well qualified to carry out this work. 
If, on the other hand, the foundry desires to purchase 
driers from an outside source, at least one manufac- 
turer of dielectric core baking equipment will furnish 
them. Typical cost figures for a shell-type drier hav- 
ing an area of 100 sq in. are as follows: 


Material: 1 to 1144 lb @ $0.50 per Ib .......... $0.50 to $0.75 
Labor: 2 man-hours @ $1.50 per man-hour .... $3.00 
Total cost of drier (not including overhead) ... $3.50 to $3.75 


On the basis of new work, the savings obtained 
from reduction of the number of driers through the 
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use of dielectric core baking will often exceed the cost 
of capital equipment involved. This may seem incon- 
gruous, but an example will serve to illustrate the 
point. 

Foundry “J” reports that where 600 driers weve 
formerly required for a given operation, 50 plastic 
driers were ample for a comparable job using dielec- 
tric core baking. At an initial cost of $3.00 per dricr, 
which they consider a conservative figure, the savings 
in drier cost for this single core amounts to $1,650.00. 
If ten such jobs were processed on the high-frequency 
equipment, the saving would be greater than the cap- 
ital investment for a unit rated at one-half ton of 
cores per hour. Obviously, this line of reasoning can- 
not be applied to work for which metal driers are 
already fabricated and available for use in conven- 
tional ovens. These driers are carried on the books of 
the foundry as a capital expenditure, and they would 
have to be scrapped and retired if dielectric heating 
replaced the conventional ovens. In spite of this, how- 
ever, many foundries have seen fit to approach the 
problem in this manner. 


Blowing Cores Directly into Driers 


One leading manufacturer of dielectric core bak- 
ing equipment was quick to realize the potential ad- 
vantages combining the process with “‘blow-in’’ driers 
would offer. Therefore, not satisfied simply to de- 
velop a drier that was suitable for use in the dielec- 
tric equipment, they continued their investigations 
until a drier was developed and made ready for pro- 
duction that could form half of the core box and 
have cores blown directly into it. Driers can now be 
fabricated to meet these requirements by the method 
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already outlined. This advancement placed an en- 
tirely different light on the economic phases of dielec- 
tric core baking, since it soon became obvious that a 
prospective user of “blow-in” driers could not afford 
to use any type of baking equipment other than the 
dielectric process. In the first place, metal driers in 
general that are used with conventional ovens can- 
not be adapted to the “blow-in” procedure, due to 
their construction and dimensional tolerances. There- 
fore, if the foundry is to blow directly into the drier 
in their core blowing operations, new driers would be 
required to replace the existing ones, and these latter 
components scrapped. 

This places the operation on the same status as a 
new job coming into the shop, and the reduction in 
the number of driers brought about through the utili- 
zation of dielectric core baking can result in tre- 
mendous savings. For example, a pipe fitting foundry 
which employs dielectric core baking, tooled up 51 
jobs for blow-in driers. With conventional baking 
methods, approximately 1,200 driers per job would 
have been needed, whereas only 100 driers per job 
were required in conjunction with the dielectric 
process; the larger numbers being a result of the ex- 
tremely high production obtained on each core blower 
when blowing directly into the drier. The cost of 
metal blow-in driers for these particular operations 
averaged $3.70 each, and the savings involved in the 
reduction of the total number of driers by 61,200 as 
a result of using dielectric core baking, indicated an 
ultimate savings of $226,440.00 in driers alone. Simi- 
lar jobs show comparable savings, and where the prac- 
tice of blowing directly into driers is applicable, di- 
electric core baking is a natural adjunct. 

The labor savings which result from blowing into 
driers are appreciable. And, although it is not a di- 
rect part of a discussion of advances in dielectric core 
baking, the combination of the two processes is suf- 
ficiently interesting to warrant inclusion in this paper. 
On a typical job, using a standard core blower, the 
best production which could be obtained in one par- 
ticular foundry by blowing into a split core box and 
turning out the cores by hand into a transfer drier 
was 314 blows per minute. With the same blower and 
core maker, the production was speeded up to 6 blows 
per minute using blow-in driers as half of the core 
box, but parting the box manually. By changing the 
blower so that the box was parted automatically, the 
production was increased to 8 blows per minute. Many 
of these core boxes contained as many as six cavities, 
and using the procedure outlined above, a single core 
maker could produce close to 3,000 cores per hour. 
Over a number of jobs in the shop, this foundry re- 
ported that an increase of 4.2 to 1 was obtained in 
the average productivity of each core maker through 
the introduction of blow-in drier procedures with 
automatic parting. 


New Operating Techniques 


Certain operating techniques have been developed 
that have enhanced the applicability of dielectric core 
baking to general foundry practice. Scheduling of 
core making operations so that the conveyor belt of 
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the dielectric unit is kept fully loaded has done much 
to insure maximum production from the equipment. 
Proper placement of cores on core plates has also con- 
tributed to the productivity of the units. Since the 
same belt area is occupied by the core plates regard- 
less of the number of cores on the plate. Consequent- 
ly, any increase in the total mass of cores placed upon 
the core plate will improve the loading of the dielec- 
tric core baking equipment. 

Spraying and fogging of the cores, either with 
water or a resin solution, before they enter the elec- 
trodes has improved the physical characteristics of 
the baked cores. Data on the properties of cores made 
with resin binders show that the hardness is increased 
as the moisture content of the mix is raised. There- 
fore, fogging of the surfaces of the cores with a water 
spray prior to baking improves their surface hard- 
ness, yet does not add sufficient moisture to the total 
percentage to reduce the production rate of the equip- 
ment appreciably. 

The use of a resin solution as a spray further im- 
proves the surface characteristics of the core, since it 
increases the resin content of the outer layers of core 
mix. Adaptation of this procedure has permitted 
some users to eliminate the necessity of a wash or 
blackening after baking, thereby bringing about a 
saving as a result of the elimination of this entire 
operation. There is some evidence that a water spray 
will cause some migration of the resin binder to the 
surface of the core and so concentrate the resin in 
the outer masses of the core. This phenomenon tends 
to further the beneficial results obtained by the use 
of water sprays, but where higher physicals are re- 
quired, the resin solution spray is often better suited 
to produce the desired results. 

For such techniques, the spray nozzles are mounted 
directly above the conveyor at the entrance to the 
dielectric unit. They should be directed in such a 
manner as to completely cover the core surface with 
water or resin solution, but at the same time, pre- 
vent the fog from entering the dielectric equipment. 
The introduction of appreciable quantities of water 
vapor between the high voltage electrodes makes the 
equipment susceptible to flash-over, and should be 
avoided. Where resin solution sprays are used, addi- 
tional maintenance may be necessary to clean the con- 
veyor belt and remove the accumulated resin. Occa- 
sional lubrication of the belt will prevent the resin 
from adhering to it and will improve its mechanical 
operation. 


Summary 


Dielectric core baking has proved its worth during 
the relatively short period of its use in the foundry 
industry. The savings predicted have, in general, 
been realized; often being far greater than anticipated. 
Resin binders have been improved, and their use with 
dielectric heating shows that practically any core can 
be produced to the required properties. Further im- 
provement in binder formulation and performance 
can undoubtedly be expected in the future. 

Driers are available for use with dielectric core 
baking equipment. These driers, made of plastic, 
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are capable of being blown into directly from the 
core blower. Unheard of savings in drier cost, usually 
exceeding many times the cost of capital equipment 
involved, can be realized with their use in conjunction 
with the short baking cycle inherent to the dielectric 
process. As a foundry production tool, dielectric core 
baking is receiving wide adoption, with installations 
being made in all branches of the industry. It appears 
safe to predict that in the not-too-distant future, a 
large percentage of all cores made will be baked bv 
the dielectric process. 


DISCUSSION 


Chairman: E. C. Zirzow, Deere & Co., Moline, Ill. 

Co-Chairman: H. K. Satzperc, The Borden Co., Bainbridge, 
N. T. 

W. B. BisHor (Written Discussion):* The subject of dielectric 
baking is arousing interest on the part of all foundrymen 
striving for production of better castings at lower cost. To be 
able to form accurate judgments as to the economics of dielectric 
baking as compared with other forms of baking, it is necessary 
that foundrymen be presented with as many accurate facts as 
possible. In the next year many foundrymen attempting to 
judge the economics of dielectric baking will refer to Mr. Cable’s 
paper. The accuracy of their judgments depends, to a large 
extent, upon the accuracy of the figures presented. 

Insofar as the economics of fuel, energy, operation, and main- 
tenance costs of dielectric ovens as compared to traditional ovens 
are concerned, I am not sufficiently conversant with these factors 
to venture a judgment. 

A good portion of Mr. Cable’s paper is devoted to a compari- 
son of oil-sand mixtures as used in traditional ovens to synthetic 
resin mixtures as used in dielectric ovens. In substantiation of 
his claim that “core mixes using resin binders are often less 
expensive than cil mixes,” Mr. Cable gives four examples in his 
paper. These are listed as Foundry “A,” “B,” “D,” and “M.” 
As a representative of the core binding industry who concen- 
trates his daily efforts primarily upon core sand and binding 
problems, I believe I can comment with some accuracy upon 
these mixture cost comparisons. 

The choice of examples used is unfortunate and may tend to 
be misleading to the uninitiated if not thoroughly analyzed. 
In each of these examples impractical and inefficient core oil 
mixes are used as being typical. Comparing them to the resin 
mixes presented is like comparing a 1924 Ford with a 1951 
Chevrolet. 

For example, Foundry “A” is represented as using 2.13 per 
cent oil, Foundry “B” 3 per cent oil, Foundry “M” 3 per cent 
oil, all by weight, in their core sand mixtures. In each case this 
amount is exceedingly excessive and because of this excessiveness 
would not be considered a good commercial mix by any practical 
foundryman. The most intricate cores in the United States re- 
quiring the highest tensile values (automobile jackets, radiator 
loops, etc.) are made daily with 1 per cent oil binder. Amounts 
in excess of this are unnecessary in good sands and only serve to 
consume fuel and retard the bake. 

Using the cost for oil binders as submitted and reducing the 
per cent of oil used by weight to slightly over 1 per cent in each 
case the proper cost comparison for binders in Foundry “A,” 
using 15 lb of oil, would have been $2.71 for oil mix versus $4.05 
for a resin mix. In Foundry “B,” using 714 Ib of oil, the cost 
comparison would be $1.00 for oil mix versus $2.025 for resin 
mix. In Foundry “M,” using 8 lb of oil, the cost comparisons 
would be $1.24 per oil mix versus $2.00 for resin mix. 

Aside from this, it is general knowledge that resins are un- 
workable without the addition of a release agent to alleviate 
their inherent stickiness. These release agents cost a minimum 
of $.07 per lb, must be incorporated in all resin mixes, and 
their cost is an integral part of the total binding cost of the 
mixture. Resin mixes for Foundries “A,” “B,” and “M,” make 
no provision for this release or parting agent. The example of 
Foundry “D” does indicate that 3 qt of kerosene and 1 pt of 
parting agent, totaling $.36 in cost, must be added to this mix- 
ture. Undoubtedly some similar cost value should be applied to 
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each resin mixture shown if cost comparisons are to be accurate. 

Mr. Cable states that in some cases “the cost of resin binders 
may be equal to or greater than the equivalent core oil—how- 
ever, the addition of binder cost represents a small part of the 
total operating expense and is offset many times by ether savings 
resulting from the use of dielectric heating.” This gives me the 
impression that binder costs are a small factor in core produc- 
tion. The fact is that in a ton of core sand the binder content 
usually costs at least as much, if not more, than the total sand 
involved. $4.00 per ton of core sand binder cost is a conservative 
figure. Mr. Cable discussed fuel cost per ton of core sand as 
being anywhere from $.66 to $1.25. Looked at in this manner, 
binder costs are approximately four to seven times as important 
to consider in core production as are fuel costs. 

Since a core is an expendable item, the cheapest core that will 
do the prescribed job should be used. It has been my experience, 
and I think it is accurate to say, that “at the spout” oil-sand core 
costs are, day in and day out, 30 to 50 per cent less expensive 
than resin-sand core mixtures. Lower fuel costs may compensate 
for a portion of this difference in cost but seldom, if ever, for 
all of it. 

Therefore, I think it is accurate to say that economies through 
the use of dielectric baking must be looked for elsewhere than 
in the cost of the core sand binder mixes used. I believe that 
Mr. Cable erred in claiming possible savings in this phase of 
core production. That the speed of dielectric baking may permit 
economies which will compensate for additional mixture costs 
may be entirely possible. However, I believe that a technical 
paper should be as accurate as possible in all phases and that 
the mixture cost comparisons used in Mr. Cable’s paper are mis- 
leading and tend to confuse a foundryman seeking accurate 
information upon which to base his decisions. 

Mr. Caste: Mr. Bishop is quite correct in his statements. 
I did not bring out those points to attempt to show that any 
appreciable savings are brought about through the use of resin 
binders. It was only an attempt to show typical core mixes. 
In regard to those oil-sand mixes, we simply took the mixtures 
the foundry gave us. 

When you say it makes no difference in economy in the speed 
of bake I must take issue. That $266,000 worth of driers which 
was saved resulted solely from rapid baking. 

Mr. BisHop: I agree. I cannot contend with that. The reason 
for faster binders today is speed of bake necessitated by shortage 
of oven capacity. I think as a corollary to speed you must sacri- 
fice cost, and if you have adequate oven capacity you can usually 
make the most economical core by using the cheapest binder 
which, fortunately or unfortunately, today is still core oil. 

V. E. HittMan (Written Discussion):* J. Wesley Cable's 
paper pertaining to recent advances in Dielectric Core Baking 
has been read with interest and in our opinion the author has 
covered the subject in a most commendable manner. The results 
of his experience are in accordance with those of our own prac- 
tice. However, we would comment on the following points: 

Equipment—It was noted that the author tells of the improve- 
ments that the manufacturers are making in this equipment, 
such as higher and higher electrode voltages. This to our minds 
will increase the all-around efficiency of this type core oven. 
As we do not believe at the present time a complete cure is 
affected when phenol formaldehyde is used. 

Resin Core Binders--We believe as Mr. Cable does that the 
resin manufacturers through research will develop a new resin 
that will be superior to the urea and phenol formaldehydes. In 
fact, we have tested a new resin that the manufacturer claims 
is not a urea or a phenol. This resin cures completely in the 
dielectric equipment. However, the cost of this resin at the 
present time makes its use prohibitive. Another disadvantage is 
that the cores made using this resin were very hygroscopic. 

Release Agents—It is our opinion that Mr. Cable missed a 
point when he did not mention the use of release agents in his 
paper. Resin binders are noted for causing stickiness in the 
core box. This condition has plagued foundries for seme time. 
We believe that by the use of a good release agent, production 
can be increased. 

Accelerators for Resin Core Binders—We would be rather hesi- 
tant at the present time to substitute anything for boric acid 
as an accelerator. It has been our experience that other types 
are more expensive and in most cases very critical in use. 


t 


2 Director of Research, Crompton & Knowles Loom Works, Worcester, Mass. 
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Resin Mixes—It is our opinion that the author should have 
brought forth the importance of control at the muller. By 
control we mean that sand, resin, cereal and water should be 
weighed very carefully, as this will affect the baking time. It 
should be pointed out that the man operating the muller is 
responsible for the good or poor work of all the core makers. 
We have cut mulling time from 12 to 5 min with the use of 
resins and this gives the operator ample time to be conscientious 
in weighing the material used. 

D. C. Witttams:* One of the most interesting statements 
made by Mr. Cable is that they were working toward lower- 
temperature curing binders. Does he mean the cores will be 
cured below 212 F? If it is possible to go below 212 F why could 
we not expect to have room temperature curing? 

Mr. Caste: I did not intimate that we were going below 
212 F. Of course, we have to eliminate the moisture in the core. 
I think we all know the effect of moisture content. Therefore, 
in order to remove that moisture, we will always have to go up 
to the evaporation point of the water present. 

I do not think it can be open to criticism if I say this about 
the core binder suppliers. They have not seen fit, and I do not 
blame them, to develop a specific binder solely for core baking. 
They have had to look for markets for binders and in so doing 
they had to compromise as far as baking was concerned. So I 
am not thinking in terms of temperatures under 212 F and I 
certainly do not want to go down to room temperature curing 
because then we would have no use for dielectric heating. 

H. W. Meyers:* What is the maximum weight core that can 
be baked in a dielectric oven? 

Mr. CABLE: We baked one that weighed 680 lb. However that 
was not in a standard oven. We have chosen design standards in 
building dielectric baking equipment which we felt would be 
adaptable to the average foundry, but there is no limit to the 
size and mass of the core that can be baked dielectrically. 

Mr. Meyers: Would that size equipment be practical from 
the standpoint of cost? 

Mr. CABLE: Yes, if you had sufficient cores to bake. We 
simply set our electrodes on the standard unit to 18 in. in height 
and 36 in. in width. That covers most of the core applications 
we encounter, but there would be no reason why these dimen- 
sions could not be increased. 

Mr. Meyers: Do you always have to select or group cores of 
approximately equal size? Can you bake a large core then imme- 
diately bake a core of about 1% the size of the first one? 

Mr. CaBLe: Suppose we start with a 3 to 1 height ratio. You 
would find there would be very little reduction in overall pro- 
duction with such height variation. On the other hand, if the 
height ratio was 12 to 1 or 15 to 1, then an attempt should be 
made to schedule those cores. 

Mr. MEyers: Approximately how much did you have to 
increase the drying time or slow down your cycle in baking the 
680-lb core? 

Mr. Caste: The problem resolves itself into a Btu-evaporation- 
mass consideration. I think that large core required something 
kke 28 or 30 minutes. It is purely a Btu transfer for driving off 
the moisture. 

Mr. Meyers: Would the moisture be removed throughout 
the core? 

Mr. CABLE: Absolutely. 

Mr. Meyers: Please comment on rod reinforcing of cores. 

Mr. Caste: Reinforcing rods in a horizontal plane offer: no 
problem except that they must be considered from a_ heat- 
absorption standpoint. Because of their higher densities, this 
effect will be more pronounced than the equivalent volume of 
core sand. From the electrical standpoint, if the rod is horizontal 
or within 45 degrees, it will not affect the baking process. How- 
ever, if we were to have a rod going from the top to the bottom, 
you can see that would prevent building up a dielectric field 
across the core. Under those conditions, we might try to change 
our methods and use a wood or plastic reinforcing rod. 

H. Arkinson:* I would like to have the author discuss the 
subject of core curing further. Suppose you use a synthetic resin 
core mix and only half bake the core. Can a good casting be 
made from such core—will it not cause a blow? 


% Ohio State University, Columbus, Ohio. 
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Mr. CaBLe: We have two distinct functions to perform in 
running a core through a dielectric unit; curing the resin binder 
and driving off the moisture. They are accomplished practically 
simultaneously, because as we reach the cure point of the resin, 
the water is being driven off and the resin will polymerize and 
cure. It is the degree of cure needed to achieve the desired core 
characteristics which determines the ultimate core temperature. 
It is often possible to increase the output of the oven by operat- 
ing at lower temperatures. In some cases, the cores are not 
completely cured when they immediately leave the ovens, but 
subsequently cure when the water fully leaves the core. 

CHAIRMAN Zirzow: I want to correct one statement. The 
assertion was made that you cannot make a core for a casting 
free of defects or blows from the conventional core oils. That 
is not true. We made tons and tons of cores that produced good 
castings out of the conventional core oils. 

C. H. Barnett: * I do not wish to take issue with Mr. Cable’s 
remarks in regard to plastic dryers. I think they are a very 
interesting development; and, if they work out successfully, 
they will be a help to the dielectric core baking process. 

There are other points in Mr. Cable’s paper, however, to 
which I would like to take exception, either in whole or part. 
For example, in going through the paper, we come across re- 
peated references to “conventional ovens.” I think we ought to 
get straight on just what we mean by a “conventional oven.” 
The right definition of this explains Mr. Cable’s high fuel cost 
figures and it explains the rich mixtures with which Mr. Bishop 
took issue. If, by a “conventional even,” Mr. Cable means old- 
fashioned massive brick construction, with very high tempera- 
ture gradients, because of which you have to use very heavy 
plates and racks and very rich mixes, or where you have tem- 
peratures in various parts of the oven plus or minus as much 
as 150 or 200 degrees from the control point, these are emphati- 
cally not “conventional ovens” by the standards we have today. 
We know that resin mixes and lean oil mixes of 1 per cent 
by weight or less are being successfully baked in modern “con- 
ventional” fuel-fired ovens and are producing very good cores 
that are free from gassing and other surface defects and which 
shake out easily. We know we are getting these cores in what 
we mean today by “conventional ovens,” that is, accurate auto- 
matic temperature control and recirculating heating systems, 
using a large volume of air as the heat transfer medium, thereby 
holding down the temperature gradient and making tempera- 
ture uniform throughout the oven. 

In today’s fuel-fired ovens, we can bake a lean oil or a lean 
resin mix at the maximum temperature which the binder will 
stand, because we know and have complete control over the 
temperatures throughout the ovens. I dare say there is a far 
greater tonnage of resins being baked in modern, conventional 
ovens than there is in dielectric ovens. A certain foundry is 
making 32 tons of cores daily, and baking about 80 per cent of 
this tonnage in resin sands. I know of another foundry where 
they are making 20 tons a day of one particular core. This core 
is about 314 in. thick and about the size of your head, and they 
are making these with a urea-formaldehyde resin and doing a 
wonderful job in modern fuel-fired ovens. 

I would like to cite a few examples myself in connection with 
these fuel cost figures. When you analyze the examples given in 
Mr. Cable’s paper, it becomes evident that the utilization of the 
fuel is very inefficient. The figure of 30 odd dollars per shift, 
for instance, in the example of Foundry A, actually should not 
be more than 4 or 4 and a half dollars for the tonnage baked, 
which makes a saving at least equal to that using electrical 
energy in dielectric baking. To substantiate that, I have analyzed 
these other examples. They come out, generally, with fuel di- 
electric energy costs at worst a stand-off, at best with fuel 
showing a better figure. If we calculate fuel cost for the lower 
temperatures used with resins, we get even better results. I 
would like to mention again the same foundry previously men- 
tioned, baking 32 tons daily, 80 per cent of which is resin 
bonded cores. They are using fuel oil and doing it at a cost of 
less than $1.00 per ton. 

In another foundry, using natural gas at 60 cents per 1000 cu 
ft, they have a fuel cost of $1.35 per ton. 

Another case, with 5 tons of oil sand cores, shows a fuel cost 
of 80 cents per ton; and, in still another, using fuel oil at $.095 
a gallon, a fuel cost of $1.13 per ton. 


* Foundry Equipment Co., Cleveland. 
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Now these are all in modern, conventional, forced convection, 
recirculating heat type ovens making efficient use of the fuel. 
In most instances, in mechanized ovens, a portion of the heat 
is recovered. 

I would like to touch briefly also on maintenance and repair 
costs, which I am afraid Mr. Cable glossed lightly over in his 
discussion. Mr. Cable gives us a figure for this item of $.25 per 
ton of cores, which he says should be charged to the operating 
cost of dielectric baking equipment. Going back to the examples 
of Foundries A, B, E, and F, you will find that this $.25 per 
ton, when added to the tabulated operating costs, alters the 
picture considerably. 

We have found in our experience that a figure of about $.05 
per ton for maintenance and repairs is normal with modern 
conveyor-type fuel-fired ovens; and, in fact, one foundry, which 
has a top notch preventive maintenance program, reports a 
maintenance and repair cost on its conveyor core ovens of $.045 
cents per ton of cores baked. 

Incidentally, quite a few operators of dielectric core baking 
equipment have told us that their maintenance and repair bills 
run around $1.00 per ton of cores baked. 

In connection with increased coreroom yield, I am afraid 
that Mr. Cable is making an advantage for the dielectric process 
out of the limitations of antiquated fuel-fired ovens which 
cannot safely be “pushed.” After all, any piece of equipment 
has a maximum capacity; but, because modern ovens are highly 
flexible as to operating temperature and provide temperature 
uniformity even at very high temperatures, satisfactory cores 
can be obtained more quickly at the high temperatures, although 
there is a limit to the practicality of doing this. You must con- 
sider the class of work, the binders, etc. Still, we know of nu- 
merous instances where foundries are getting twice and even 
three times as much production as originally designed for, out 
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of modern conveyor type ovens. They do this by increasi:.g 
temperature and shortening the cycle. On the other hand, ‘f 
you try to push a dielectric oven, you are going to get undcr- 
baked cores. 

Most of the advantages Mr. Cable mentions are not advantag:s, 
as I see it, of the process itself, but of mechanized handling. 
You get the same thing in modern, fuel-fired conveyor ovens 
where you place the work on a moving conveyor and the cores 
go directly into the oven, so that you do not have the core- 
makers looking for a place to put their work and generally 
spending their time doing things that are not coremaking. The 
same can be said for baked core handling. 

Briefly, on wires and rods, I would like to mention that we 
had a foundryman tell us that, after he put in modern fuel- 
fired ovens to replace his old-fashioned ovens, he was able to 
eliminate wires completely from many cores and cut way down 
on wiring and rodding of the others. 

Therefore, it seems to me that you cannot generalize about 
the dielectric process—that not only each foundry, but each 
core job in each foundry has to be studied on its merits for its 
dielectric adaptability. 

Mr. CABLE: My use of the word “conventional” is solely one 
which denotes a type of baking other than dielectric heating. 
If you have a better word I am willing to use it. I simply use 
the word “conventional” in that terminology. 

Mr. Barnett: The word we would like to use is “old- 
fashioned” or “relic.” Unfortunately, Mr. Cable, there are a lot 
of those old ovens around, and I join with you in condemning 
them. It is remarkable what some foundries are able to accom- 
plish with these, but we and Mr. Bishop could show them a 
few tricks in keeping up to date. 

Mr. Caste: That is right. My knowledge is statistical and 
there is nothing implied to the contrary. 
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THE CONTRIBUTION 


EFFECTS TO SOQUNDNESS OF CAST 


OF RISER AND CASTING END 


By 


STEEL BARS 


H. F. Bishop,* E. T. Myskowski* and W. S. Pellini** 


ABSTRACT 


The length of cast bars which can be made sound has been 
determined radiographically and related to thermal gradient 
conditions. It was found that for steels containing 0.25 to 0.35 
per cent carbon the maximum distance in inches which can be 
made sound follows an empirical rule given by the formula 
Dyaz = 6/ T (T = section thickness). This relationship holds 
for bars in a thickness range of 2 to 6 in., cast in either the 
vertical or horizontal position. Vertical 8-in. bars can be made 
sound for somewhat greater distance due to convection current 
effects. 

Thermal analyses showed that a minimum gradient of 6 to 12 
F/in. is required to feed bar sections to complete soundness. 
This observation is discussed in relation to the gradient condi- 
tions required for feeding of plates reported previously to be in 
the order of 1 to 2 F/in. It is deduced that differences in the 
course of solidification of bar and plate sections attributable to 
the geometries of the respective sections are the basis for the 
effect. 

It is concluded that directional solidification does not neces- 
sarily assure soundness. Depending on the geometry of the cast- 
ing a minimum gradient condition in excess of that required 
for directional solidification may be required for feeding to 
soundness. 


EFFECTIVE FEEDING DISTANCE OF RISERS is dictated 
by thermal gradient conditions which are influenced 
not only by the riser itself but also by the geometry of 
the casting. Proper positioning of risers to assure 
solidity with utmost yield therefore requires that the 
nature of the association of riser gradients with gradi- 
ents arising from casting edges be known as a function 
of casting geometry. 

A previous report! described the nature of riser- 
casting edge associations for plate castings of uniform 
section. A system of triangulation was indicated for 
positioning risers on plate sections such that all por- 
tions of the plate were influenced by riser and/or 
casting edge gradients of proper values to determine 
complete soundness. By calculating the surface area 
and volume of the segment which each riser feeds 
when located according to these relationships and then 
applying the formulae developed by Caine,? the mini- 
mum riser sizes which prevent both underriser shrink- 
age and centerline-shrinkage can be determined. 


* Metallurgist, ** Head, Metal Processing Branch, Metallurgy 
Division, Naval Research Laboratory, Washington, D. C. 
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The present report presents the results of similar 
studies for bar castings of uniform section. As in the 
previous report the limits of riser and casting edge 
effects were determined radiographically. Correlation 
was then made with the gradient conditions and 
course of solidification determined by thermal analy- 
sis. 

The radiographic studies were made on 1-in. thick 
sections removed from the center of the test castings; 
the x-ray sensitivity was 114 per cent. Accordingly, 
complete solidity must be interpreted as the absence of 
shrinkage to these limits. Since the entire shrinkage 
of the bar sections is concentrated at the center of 
the section the method represents a severe practical 
test of solidity. 

The investigation included horizontal and vertical- 
type castings fed by risers having a diameter equal to 
1l4 times the casting thickness and a height equal to 
two times the casting thickness. The metal was gated 
into the bottom of the riser for both the vertical and 
horizontal castings. All castings were poured at 2950 
F with induction melted Navy Class 3 steel. Analyses 
of the various heats showed variations in the range of 
0.25 to 0.35 C, 0.50 to 0.80 Mn, 0.30 to 0.50 Si. Final 
deoxidation was accomplished by the addition of 0.10 
per cent aluminum to the ladle. 


Radiographic Studies 


Bar castings having cross-sections of 2 x 2, 4 x 4, 
6 x 6, and 8 x 8 in. were cast in vertical and horizon- 
tal positions. Each bar size was cast in a series with 
variations in lengths equal to half the casting thick- 
ness in order to determine the longest bar which could 
be made sound. The results obtained were verified 
by casting a second series in which the bars were 
varied in shorter steps on either side of the critical 
length determined in the first tests. A summary of all 
of the tests is presented in Table 1. The casting 
lengths were measured from the periphery of the riser 
in the horizontal casting and from the bottom of the 
riser in the vertical casting. 

In all cases, bars which are longer than the critical 
length were noted to have sound zones adjacent to 
the riser and to the ends opposite the riser, with 
shrinkage located between these zones. Increasing the 


























172 
TABLe | 
Bar Riser Dist.to Plane Sound Sound 
Size, Diam., be fed, of End Zone, Riser Zone, Remarks 
In. In. In. Casting In. In. 
2x2 § 6 H _ a Sound 
i sg 7 H —- — Sound 
x 3 8 H — Sound 
P ry 9 H 4 214 Shrinkage 
10 H 5 3Y% Shrinkage 
11 H 5 314 Shrinkage 
12 H 414, l Shrinkage 
12 H 31% 2% Shrinkage 
14 H 3 1 Shrinkage 
; 8 Vv - Sound 
10 Vv 31 2 Shrinkage 
12 \ 1 1 Shrinkage 
14 \ i l Shrinkage 
Average t.1 2 
tx4 6 10 H — —— Sound 
” ce 12 H — — Sound 
12 H — + Sound 
12 H Sound 
14 H 9 2 Shrinkage 
: l4 H 9 114 Shrinkage 
16 H 8 21% Shrinkage 
18 H 8 2 Shrinkage 
F 12 V —_~ — Sound 
14 V 6 21% Shrinkage 
"y 2 14 V 6% 1l4 Shrinkage 
if F 16 Vv 5i4 21% Shrinkage 
; ‘ 18 Vv 6 2% Shrinkage 
20 V 6 2 Shrinkage 
Average 7.1 2.1 
6x6 9 15 H — — Sound 
“4 rs 16 H 10 $1, Shrinkage 
: 17 H 10 { Shrinkage 
, 7 18 H sa) 314, Shrinkage 
19 H 10 3 Shrinkage 
21 H 9 414, Shrinkage 
15 Vv —- Sound 
164, V 9 4 Shrinkage 
18 Vv 10 5 Shrinkage 
21 \ 101% 314 Shrinkage 
24 Vv 9 31, Shrinkage 
Average 9.5 4 
8x8 12 16 H — Sound 
% ‘s 17 H lly, 114, Shrinkage 
’ 20 H 1014 414, Shrinkage 
21 H 1] 14 Shrinkage 
28 H 1214 t Shrinkage 
Average 11.25 414, 
8x8 12 16 Vv —— — Sound 
. a 19 Vv — —- Sound 
19 V — — Sound 
us % 21 V —- —— Sound 
= ig » 24 ¥ 14 6 Shrinkage 





Fig. 1—Transverse radiograph of 2x2x16-in. bar sec- 
tion showing shrinkage area and sound end and riser 


zones. 


SOUNDNESS OF CAstT STEEL Bars 


length of the bar section above that which first pro- 
duced shrinkage resulted in increasing the length of 
the unsound zone while the lengths of the sound en«| 
and riser zones remained unchanged. 

A typical radiograph showing the nature and loca- 
tion of this shrinkage is shown in Fig. 1. The length, 
of the sound end and riser zones were measured fron: 
the radiographs and are listed in Table 1 to indicate 
the contribution of end and riser effects to casting 
soundness. 

In section sizes up to 6 x 6 in. the maximum length 
of bar which can be made sound is the same in both 
vertical and horizontal planes. An 8 x 8-in. section, 
however, can be fed to complete soundness for a 
greater distance in the vertical plane than in the hori- 
zontal plane. It will be noted from Table | that the 
sound end zone in the incompletely fed 8 x 8-in. ver- 
tical casting also is greater than in similar horizontal 
castings. The cause of the more effective feeding ob- 
tained in this section and casting position is discussed 
later in relation to differences in thermal gradient 
conditions. 

The maximum bar length which can be made com- 
pletely sound is approximately equal to 6 times the 
square root of the casting thickness (Dyax = 6 / T ) 
except for the vertical 8 x 8-in. casting. Table 2 lists 
the various maximum lengths for comparison with 
the values calculated by the empirical formula. 





TABLE 2 
Bar Cross Max Measured Length of Calculated 
Section, in. Sound Bar, in. Length 6/T, in. 
Horizontal Vertical 
2x2 8 8 8.5 
{x 4 12 12 12 
6x 6 15 15 4.7 


8x8 16 21 17 





The maximum lengths of sound bars as well as the 
average lengths of the sound end and riser zones in 
bars which contain shrinkage are plotted in Fig. 2 and 
3 in terms of casting length and number of thick- 
nesses respectively. The maximum lengths of bars 
which can be made completely sound as calculated 
from the empirical formula D,,,, = 6/T are also 
indicated. 

Figure 3 shows that maximum distance which can 
be made completely sound, expressed in terms of cast- 
ing thickness, decreases progressively with increasing 
section size. The same trends may be noted for the 
lengths of the sound riser and end zones in bars which 
develop shrinkage. It may be concluded that riser 
and casting end effects become proportionately less 
pronounced with increased section size thus limiting 
the relative expanse which can be fed to complete 
soundness. 

The sum length of the sound riser and end zones 
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2—Soundness relationships for various bar sizes. 





Fig. 
for bars which contained shrinkage was generally less 
than the length of the section which could be made 
completely sound. The average of the subject differ- 
ence expressed in terms of thickness decreased pro- 
gressively with section size from approximately 1T for 
the 2-in. section to essentially no difference for the 8- 
in. section. Expressed in terms of distance the differ- 
ence was approximately constant at 2 in. for the 2, 4 
and 6-in. sections. 


Thermal Studies 


The nature of the thermal gradients developed by 
the casting and riser determine the course of solidifica- 
tion; hence the feeding conditions during the critical 
last stages of solidification. The relation of thermal 
gradients developed in the various bar sections to 
soundness was determined by thermal analysis meth- 
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ods similar to the procedures used for plate castings 
in the previous report.! 

Temperatures were determined with 26 gage Pt-Pt 
Rh (13%) thermocouples, insulated with alundum 
tubing and protected by fused quartz tubes having an 
O.D. of %¢@ in. and an I.D. of &% in. The thermo- 
couples were projected through the mold into the 
mold cavity at the desired distances from the end of 
the casting so that their junctions were at the casting 
centerline. Temperatures at each position were re- 
corded at 15-second intervals on a multi-point auto- 
matic potentiometer recorder of 1500 to 3000 F scale 
with a sensitivity of 2 F. Liquidus and solidus tem- 
peratures were determined by inverse rate cooling 
curves, plotted on a basis of time required tur a tem- 
perature drop of 10 F. 

The term solidus as used herein represents a “‘tech- 
nical” solidus, considered as the temperature indicated 
by thermal analysis techniques (which are inherently 
not sufficiently sensitive to detect the last vestige of 
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Fig. 3—Soundness relationship for various bar sizes 
expressed as number of bar thicknesses. 
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Fig. 4#—(Bottom) Gradients along centerline of 4x4-in. 
bars of various lengths, and (Top) Relationships of 


solidification) as the point at which delayed cooling is 
no longer observed. The “technical” solidus point 
therefore represents a condition of essential solidity 
except for thin, isolated films of interdendritic liquid. 
The determination of an “absolute” solidus in prefer- 
ence to a “‘technical’’ solidus was not within the scope 
of this investigation and was moreover not necessary 
for the thermal analyses which are to be described. 
Figures 4 and 5 show the gradients at various times 
after pouring along the centerlines of bars of 4 x 4 
and 6 x 6-in. cross-section of maximum sound lengths 
as determined by radiography and of sections which 
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Fig. 5—(Bottom) Gradients along centerline of 6x6-in. 
bars of various length, and (Top) Relationships of 
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gradients at the solidus temperature to radiograph: 
soundness. 


exceeded this length and contained shrinkage. Figure 
6 shows gradient curves for 8 x 8-in. sections which 
are in excess of the critical lengths for the horizontal 
and vertical positions. It will be noted that the 
center-lines of the castings pass through the primary 
liquidus temperature shortly after pouring without 
measurable thermal gradients. Gradients, however, 
are soon established at each extremity of the castings. 
The risers, because of their mass and because of the 
re-entrant angle formed with the casting, reduce the 
rate of heat extraction, while the casting ends, because 
of the added surface area which they present, increase 
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gradients at the solidus temperature to radiographic 
soundness. 
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Fig. 6—Comparison of gradient conditions during 
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solidification of hcrizontal (Left) and vertical (Right) 


bars of 8x8-in. cross-section. 


the rate of heat extraction. Short gradients are 
thereby established near these locations soon after en- 
tering the solidification range. The gradients tend to 
progress toward each other in an attempt to effect a 
junction; this occurs at the expense of a central uni- 
form temperature plateau. 

It will be noted that instead of the usual smooth 
thermal gradients generally associated with heat flow 
the gradients from the end of the casting change 
abruptly as junction with the plateau is approached. 
The “knee” formed by this abrupt change is due to the 
necessity of extracting heat of solidification from this 
zone before the thermal gradients can move inward. 
The “knee” thus represents a narrow zone of rapid, 
progressive solidification. 

The inward progression of the end gradients pro- 
vides the basis for directional solidification conditions. 
As the liquid metal is cooled below the liquidus, the 
first solid forms and solidification proceeds at a rate 
dependent on the rate of heat extraction. Since heat 
is extracted faster at the end of the casting, solid par- 
ticles will develop at a faster rate at this position. As 
the overall temperature level drops the ratio of liquid 
to solid decreases; effectively there is less liquid re- 
maining to solidify. Since heat of fusion is the pri- 
mary source of heat evolved during solidification, and 
since the rate of liberation of such heat is strictly pro- 
portional to the amount solidifying at any given in- 
stant, it follows that toward the end of solidification 
less and less heat will be liberated as the amount of 
liquid remaining decreases. The rate of heat extrac- 
tion at the casting end, however, does not decrease in 
such a pronounced manner. It is therefore evident 
that as the liquid at any fixed point within the “knee” 
zone is gradually exhausted the thermal gradient at 
that point must necessarily become steeper. The 


“knee” will therefore progress inward past this point 
to maintain the dynamic heat balance characteristic 
of the progressive solidification process. 

The riser gradients are due to a somewhat different 
mechanism-flow of heat from the riser to the casting. 
As such these gradients depend primarily on the tem- 
perature differential between riser and casting. Since 
the riser cools more slowly than the casting this differ- 
ential increases with time. This effect, together with 
the increased conductivity due to increased amount 
of solid in the casting, results in increased rate of 
heat conduction as solidification progresses; hence 
with the moving of the gradient inward. 

The thermal effect of increasing the bar lengths is 
to increase the length of the essentially isothermal 
zones present after solidification starts and to main- 
tain these zones to lower temperatures within the 
solidification range thus decreasing the extent of over- 
lapping of the riser and end gradients at the time the 
solidus temperature is reached. The steepness of the 
gradients in the central regions during the final stages 
of solidification is thereby reduced. 

The actual values of thermal gradients* at the time 
the various positions of the central portion of the 
casting reached the solidus temperature are plotted 
above the thermal curves. The resulting curves of 
gradient values are related to the sound and unsound 
zones determined radiographically (Table 1) by the 
bar graphs at the bottom of the figures. While the 
transition point from soundness to unsoundness in 
bars in excess of the critical length is not clearly de- 
fined, as indicated by variations in lengths of the 
sound zones, the midpoints of the scatter zones 


* Determined by tangent slope method. 
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(shown by the overlapping of the cross-hatching) cor- 
respond to gradients of from 6 to 12 F per in. It can 
be noted that shrinkage developed whenever the value 
of the thermal gradients at the critica] last stage of 
solidification fell below the 6 to 12 F per in. range. 

Castings of maximum length which can be made 
completely sound develop a minimum gradient con- 
dition of 7 F. It may be concluded that interdendritic 
feeding at the critical last stages of solidification of 
bar sections requires a minimum gradient condition of 
6 to 12 F per in., at least for the steels of 0.25 to 0.35 
C content investigated. 

Comparison of the gradient curves for the 8 x 8-in. 
vertical and horizontal castings poured simultaneously 
(Fig. 6), indicates that the greater expanse of sound- 
ness in the vertical castings is due to its generally 
steeper gradients. As the result, the vertical bar cast- 
ing may be made longer before the gradients fall be- 
low the critical range for the development of shrink- 
age. The effect arises from the comparatively slower 
cooling rate of the near-riser zone. While temperature 
measurements in the riser itself were not made it is 
observed that at 3 in. from the riser the vertical cast- 
ing remains at a higher temperature for a longer 
period of time during solidification. Steeper gradients 
are thereby established during the course of solidifica- 
tion of vertical bar castings. Since the 2 x 2, 4 x 4 
and 6 x 6-in. sections have the same critical maximum 
length for complete soundness in both vertical and 
horizontal positions, it is concluded that the effect is 
basically related to convection currents which provide 
for the gradual rising of hot liquid metal to the riser 
during the slower solidification of the more massive 
8 x 8-in. section. This action reinforces the general 
gradient condition produced by the chilling effect of 
the casting end and the heating effect of the riser and 
thus develop a generally steeper gradient condition in 
heavy vertical bar sections. 


General Discussion 


Comparison of the results of the present investiga- 
tion of bar sections with the previously reported in- 
vestigation of plate sections provides important in- 
formation as to the effects of geometry factors on the 
thermal gradient conditions required for feeding to 
complete soundness. It will be noted that while pro- 
gressive solidification is always to be expected in the 
presence of gradient conditions, geometry effects may 
dictate whether complete solidity will result. It is 
thus possible to have progressive solidification with- 
out complete solidity as is noted in the case of bar 
sections. 

It was reported that plate sections up to a thick- 
ness of 4 in. could be fed to complete soundness for a 
distance equal to 414 times the casting thickness. If 
bar sections behaved in the manner of plate sections, 
a 4-in. bar could be fed for a distance of 18 in. which 
is much greater than the 12 in. actually found to be 
possible. On this basis of comparison, the riser feed- 
ing radius for bar sections is considerably less than 
that of plate sections. The relationship of section 
thickness to feeding distance in bars furthermore is 
not constant as it is in plate sections but decreases as 


SOUNDNESS OF CAsT STEEL Bars 


the section thickness is increased. The differences in 
the behavior of plate and bar sections may be due to 
differences in the thermal gradient conditions re 
quired for the critical last-stage interdendritic feeding 
of the two shapes. 

In the case of plate sections interdendritic feeding 
to complete soundness occurred as long as any meas- 
urable gradients were present. It was shown that a 
short, apparently gradientless* zone of a length equa! 
to the casting thickness could be tolerated without 
producing shrinkage determined at 114 per cent radio- 
graphic sensitivity. The extent of the thermal effects 
of the riser and casting end, as indicated by the dis- 
tances to which the gradients extended into the cast- 
ing at the time of final solidification of the short 
gradientless region, was noted to be 1T and 214T re- 
spectively. Increasing the plate distance above the 
maximum size for complete soundness resulted in in- 
creasing the length of the gradientless region without 
effect on the lengths of the riser and casting edge 
gradient zones. Shrinkage was then observed in the 
gradientless section. It was concluded that shrinkage 
developed in regions which behaved as sections of 
infinite plates; i.e., plates in which solidification pro- 
ceeded only from the flat surfaces without longitu- 
dinal thermal effects from the riser or casting edges. 

The inability of bar sections to feed to complet 
soundness in the presence of gradients below 6 F pei 
in. which are adequate for plate sections indicates an 
effect of casting geometry which is not related to 
gradient conditions. A possible explanation is pro- 
vided by a consideration of differences in the course 
of solidification of plate and bar sections which affect 
last-stage feeding conditions. 

Investigations by this laboratory of the lateral wall 
solidification characteristics of plates and bar sec- 
tions** have shown that the solidification of steels in 
sand molds proceeds in such a manner as to develop 
a mushy condition of intermixed solid and liquid 
throughout the casting sectién. Thus in the case of 
both the bar and plate castings interlaced solid den- 
dritic structures are present at the center of the casting 
during most of the solidification cycle. Solidification 
must therefore be considered progressive only in the 
sense that the center is in a less advanced stage of 
solidity than near-surface regions. Gradually the sur- 
face becomes completely solid and a wave-like travel 
of a plane of complete solidification moves toward the 
center of the section; however, during this time the 
center portions continue to develop increasing 
amounts of solid by growth of the already present 
dendrites. 

While the foregoing analysis considers solidification 
only in lateral planes, it must be remembered that 
the lateral solidification occurs at varying rates along 
the casting,—the rate is fastest at the casting end and 
decreases at locations nearer the riser. Hence, feed 
liquid from the riser must move lengthwise along the 
casting section and then laterally through tortuous 
interdendritic channels in the direction of the walls 
to satisfy the liquid to solid shrinkage occurring as the 


* Slight gradients probably existed which were below the 2 F 
sensitivity of the measuring devices. 








th 


lic 
of 


fa 


th 
oc 


se 
si] 
in 
di 


we 


Fi 


th 
re] 


mz 
ing 
me 
th 
gr 
th: 


mt 
res 
tio 
ed; 
Tis 
tio 
cre 
col 
no 
of 


an 





H. F. BisHor, E. T. Myskowsk1 AND W., S. PELLINI 


result of wall growth. In the last stages of solidifica- 
tion linear rates of freezing become exceedingly rapid 
due to the very small amount.of liquid which remains 
to be solidified and the increased thermal conductivity 
occasioned by presence of solid steel. In these respects 
the solidification modes of bar and plate castings are 
exactly similar. The channel conditions available for 
feed liquid transport and the relative amount of feed 
liquid which must be transported during the last stage 
of freezing accordingly become primary determinant 
factors for the solidity of the sections. It is in this im- 
portant respect that bar and plate sections differ. In 
the case of plate sections longitudinal liquid flow 
occurs along a plate-like channel with lateral feeding 
required only in two directions. In the case of the bar 
sections longitudinal flow must take place along a 
single rod-like channel with lateral feeding required 
in a full 360-degree sector. Figure 7 illustrates these 
differences schematically. 





Fig. 7—Schematic of channel conditions for feed metal 
flow in plate and bar sections. 


The increased difficulty of liquid transport along 
the rod-like channel of the bar section and the greater 
relative lateral area which must be fed by this limited 
channel apparently requires steeper longitudinal ther- 
mal gradients, i.e., a more “open” condition for feed- 
ing as indicated by the thermal gradient measure- 
ments. The steeper gradients required for bar sections 
thus necessitate an “overlap” of the riser and end 
gradients rather than a simple adjoining which is all 
that is required for plate sections. 

The fixed relationship of section thickness to maxi- 
mum feeding distance (414T) noted for the plates 
resulted from the invariant relationship between sec- 
tion thickness and the effects of the riser and casting 
edge. In the case of the bars the relative effects of 
riser and casting edge decrease progressively with sec- 
tion size (Fig. 3), resulting thereby in a similar de- 
crease for the relative distances which can be fed to 
complete soundness with increasing section size. It is 
noted that 2 x 2-in. sections can be fed for a distance 
of 4T, 4 x 4-in. sections 3T; 6 x 6-in. sections, 214T 
and 8 x 8-in. sections only 2T. 
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It is observed that the sum length of the sound 
riser and casting end zones for plates and bars which 
contain shrinkage is somewhat less than the length of 
the respective sections which can be made completely 
sound. The apparent lack of correspondence was ten- 
tatively ascribed in the previous report! on plate sec- 
tions to hot tearing which originated at locations of 
shrinkage and extended toward the riser. In fact in 
many of the plate castings this condition actually con- 
nected with the riser proper. In the case of bar sec- 
tions, however, the tear-like condition was not noted; 
normal shrinkage whenever present did not extend to 
the riser thus permitting measurement of the effect. 
It was noted that in all cases except the 8-in. section 
for which no measurable difference could be found the 
discrepancy consistently amounted to approximately 
2 in. As in the case of the plate sections no clearly 
defined difference could be observed from the thermal 
gradient conditions to explain this discrepancy. A 
possible, but highly tentative explanation, may be 
deduced from the noted tendencies for shrinkage to 
be located in regions having gradients in the range of 
6 to 12 F per in. for bars which contained shrinkage 
while completely sound bars tolerated gradients as 
low as 7 F per in. It is hypothesized that shrinkage 
once initiated tends to extend over a somewhat greater 
area than would be dictated by thermal gradient con- 
ditions possibly by partial drainage of interdendritic 
liquid from the adjoining areas. 
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DISCUSSION 


Chairman: J. A. RAssENFoss, American Steel Foundries, East 
Chicago, Ind, 

Co-Chairman: H. W. Dterert, H. W. Dietert Co., Detroit. 

V. Pascukis (Written Discussions* The authors’ continued 
efforts to correlate temperature gradients during solidification 
with feeding and casting soundness are interesting. In studying 
this paper carefully some questions came to mind, which are 
discussed below, mainly in way of speculation, in the hope that 
they may contribute to an understanding to the difficult and 
abstract happenings during solidification. 

1. The authors seem successful in correlating temperature 
gradients in the casting with the ability to feed properly, and 
thus avoid shrinkage. The idea behind this concept seems to 
be as follows: if the temperature is near the surface a certain 
temperature prevails, and in a closely adjacent section the tem- 
perature is slightly higher (according to the prevailing gradient), 
then this steel of higher temperature is also less viscous (has 
higher fluidity), and can therefore fill the voids under the given 
ferrostatic pressure from the riser. The minimum gradient, 
which is required, would then have to be different for different 
steels, according to the viscosity-temperature relationship of 
these steels. Thus—if measurements of viscosity were possible, 
it would be more direct to speak of viscosity gradients. The in- 
accessibility of viscosity observations makes the indirect descrip- 


* Technical Director, Heat and Mass Flow Analyzer Laboratory, 
Columbia University, New York. 
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tion by means of temperature gradients a necessary detour. 

2. The gradients shown in the upper parts if Fig. 4 to 6 are 
taken at the moment when each point in the casting has reached 
the solidus temperature. In other words the gradients shown in 
any one graph for different distances do not prevail at the same 
time. Theoretically the time, for cxample in form of the rate of 
change of the gradients, enters the consideration. Are the data 
published here sufficient, to warrant the statement that for prac- 
tical purposes the time factor may be disregarded? 

3. The solidification process is necessarily three-dimensional in 
nature. The authors recognize that in the general discussion, 
but, as far as the discusser can see, disregard it in the main part 
of the paper. But the three-dimensional nature of the heat flow 
and solidification pattern may well account for the relationships 
shown in Fig. 3. 

In addition to these major comments a number of smaller 
questions arise. 

a. The difference between the length of section which could 
be made completely sound and the sum of the sound lengths at 
riser and end is in itself somewhat disturbing; but even more 
surprising is the variation in this difference: 1.9 in. for the 
2x 2 casting; 2.9 in. for the 4 x 4 casting and 1.5 in. for the 
6 x 6 casting. One would expect a steady decrease, particularly 
in view of the very small value (0.25 in.) for the 8 x 8 hori- 
zontal casting. 

b. In Fig. 6, right side (vertical casting) the minimum gradi- 
ent is about 7 F per in. Based on the other discussion in the 
paper one would then expect, that the entire vertical casting of 
24-in. length should be sound, instead of only 20 in. of the 
length. 

c. In discussing Fig. 6, the authors mention the relatively 
slower cooling in the near riser zone of the vertical casting, com- 
pared with the horizontal casting. Here again the three dimen- 
sional nature and the geometry enter the picture. The angle 
between riser and casting in case of the horizontal casting pro- 
vides for more sand to be in contact with a limited amount of 
steel, in case of the horizontal as compared with the vertical 
casting, which probably would explain the reported behavior. 

AUTHOR'S REPLY 

Mr. PELLINI (Written Reply to Dr. Paschkis’ Discussion): Dr. 
Paschkis’ discussion of the paper is appreciated. We cannot, 
however, agree with Dr. Paschkis that metal fluidity has any 
significant effect on feeding. 

Fluidity is primarily a function of superheat. During the soli- 
dification process liquid and solid co-exist at the same tempera- 
ture and the liquid metal flows through interdendritic chan- 
nels which are at the same temperature as the liquid. In other 
words the liquid metal is without superheat regardless of the 
temperature within the solidification range which is considered. 

It is true however that at high temperatures within the solidi- 
fication range, feeding can occur more easily than at low 
temperatures, but this is due to the fact that solidification has 
not progressed as far and the interdendritic channels through 
which feed metal must flow are larger and offer less flow re- 
sistance, 

Dr. Paschkis asks if the time factor, as it affects the rate of 
change of gradients, can be disregarded. We believe that only 
the instantaneous value of the gradient at any point is im- 
portant. The 4-in. and 8-in. bars for example each require the 
same gradient for complete feeding, but this critical gradient is 
reached in the 4-in. bars in about 25 per cent of the time re- 
quired for the gradient to be reached at comparable locations 
in the 8-in. bar. 

Heat flow in solidifying castings is, as Dr. Paschkis points 
out, three dimensional. We have not specifically considered 
this in the report because we believe that the gradients which 
we have measured indicate the resultant effect of all the com- 
plex heat flow patterns (lateral and longitudinal) existing with- 
in the casting. 

Dr. Paschkis is puzzled by the fact that the sound zones at 
the riser and the casting ends in bars which contain shrinkage 
as shown in Fig. 3 add up to a quantity which is somewhat less 
than the total length of bar which can be made sound. We 
have also noticed this occurrence in plate sections. It seems that 
whenever shrinkage can start there is a tendency for its spread- 
ing into areas which would normally be sound. We can only 
hypothesize that the first shrinkage formed creates a notch con- 
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dition within the casting which is propagated by cooling stresses 
as hot tears into the areas adjacent the riser which would other- 
wise be sound. 

Apparently the propagation of shrinkage toward the riser is 
sensitive to slight variations in casting conditions since the 
sound riser zones, particularly in the smaller castings, vary ap- 
preciably. The length of the sound end zones are more con- 
stant. 

The vertical casting to which Dr. Paschkis referred actually 
had a temperature gradient slightly less than 7 F. This is a 
borderline case where the casting is only a few inches oversize. 

We interpret Dr. Paschkis’ remarks regarding the effect of 
the plane of the castings on feeding to be that the angle be- 
tween the 8-in. by 8-in. horizontal casting and the riser pro- 
vides far more sand to remove heat from this area than in the 
vertical casting which would account for the faster cooling rate 
of the horizontal casting in the vicinity of the riser. Actually 
the reverse is true because the sand corner at she riser-casting 
junction must remove heat from both the riser and the casting 
which would cause the horizontal casting to solidify slower than 
the vertical casting. The fact that the vertical casting actually 
solidifies slower is additional evidence that convection currents 
are active in the 8-in. vertical sections. 

J. B. Caine:*? The authors of this paper and the staff at the 
Naval Research Laboratory are to be congratulated for a series 
of very worthwhile and much needed contributions to the art of 
founding in respect to risering. They have filled probably the 
most important gap in our knowledge of risering, feeding dis- 
tances. 

What is the location of the gate on these bar castings? 

The authors in a previous paper’ discussed the fact that they 
could feed the 14-in. thick plates for a greater distance than 
the thicker plates because the voids were so small in the 14-in. 
plates they did not register on radiography. I understand in 
this series they have radiographed a standard 1-in. section. If 
my memory serves me right, there is no definite statement in the 
previous paper’ in regard to the exact section thickness radio- 
graphed. 

In this bar series the authors radiographed constant 1-in. 
sections that were cut from different cast sections. For a defin- 
ite overall density the individual veid might be larger in the 
8-in. section than in the 2-in. section. When a slice of constant 
thickness is cut from the cast section, it is possible that the 
larger voids in the 8-in. section would be visible on radio- 
graphy, whereas the smaller voids in the 2-in. section would 
not. This theory would explain the peculiar square root rela- 
tion for bar sections, that differs from the constant, section thick- 
ness-feeding distance ratio for plate-like sections. 

Were the cast sections as a whole radiographed? 

Mr. BisHop: The gates were all located at the riser. In the 
study of plate sections which we reported last year* we did 
vary gate and riser locations. In some cases we put the gate at 
the end opposite the riser and it did not seem to make any 
difference in the feeding distance. 

As for the question of variations in void sizes, I do not know 
that that would necessarily be a factor to be considered. At the 
center-line of some of the large castings the voids are no thicker 
than they are in the thinner bars. I think the condition arises 
towards the end of feeding, that the casting does not know 
whether it is a large casting or a small casting. 

The question of radiographic sensitivity was brought up. We 
are trying to get castings to the ultimate in soundness and we 
have not x-rayed the entire casting but only transverse strips. 

Mr. CAINE: Were all of the slices cut from the plates | in. 
thick too? 

Mr. Bisuor: In the plate sections they were all about 1% in. 
thick. We did not believe strip thickness would make any dif- 
ference in the plate because the shrinkage in the plate occurs 
along a plane, and whether you cut a 14-in. strip or a 1-in. 
strip you have uniform distribution of shrinkage over the 
strip. That would not be true in a bar casting. 

CHAIRMAN RAssENFOss: You used a temperature of 2950 F. 
At what point was that temperature measured? 

Mr. BisHop: In the ladle. 

CHAIRMAN RasseNFoss: In the mold it might have been 
somewhat less than that? 

Mr. BisHor: Yes, it undoubtedly was. 


2Consultant, Wyoming, Ohio. 
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CHAIRMAN RAsseENFOss: I am reminded of a discussion which 
followed presentation of a paper by Duma and Brison a few 
years ago on centerline shrinkage. The question then was the 
problem of feeding a plate horizontally and vertically. The 
Naval Research Laboratory had done work which indicated 
that a riser attached at the midpoint of the distance on the 
long dimension of a vertically-cast plate fed the top of the 
plate and not the bottom. Apparently you have work here 
which indicates that that is so. As I got it, your reason was 
that convection currents were the factor which gave a difference 
between the horizontal and vertical feeding of a 8-in. by 8-in. 
section. By that do you mean the convection current set up by 
agitation as the metal enters the mold or something that oc- 
curs after the metal is in the mold? 

Mr. Bishop: We are speaking of convection in a quiescent 
liquid. Convection currents do not start to move around in 
the casting until sometime after pouring of the metal when it 
has come to rest. We have noticed no indications of convection 
currents in sections less than 8 in. by 8 in. The 6-in. by 6-in. 
bar fed to the same degree in both the horizontal and vertical 
planes and it was not until we went to the 8-in. by 8-in. section 
that we got evidence of convection currents. By that it is ap- 
parent that convection currents become active sometime after 
the casting is poured. 


ComMMENts By Dr. Sims 


Cc. E. Sims:* L would like to know what the evidence was in 
regard to convection currents. In the paper “Solidification of 
Steel Against Sand and Chill Walls” by Bishop, Brandt and 
Pellini contained in this volume, it was brought out that after 
a casting is poured, the whole center comes to an isothermal con- 
dition in a very short time. How could there be a convection 
current in an isothermal liquid? 

Mr. Pevuini: First of all I wish to point out that the deduc- 
tion relative to convection currents represented to us the most 
reasonable explanation for the conditions noted. We found 
steeper temperature gradients (from the riser into the casting) 
tor the vertical 8-in. by 8-in. bars than for the horizontal 8-in. 
by 8-in. bars. There was no difference between the 6-in. by 6- 
in. and smaller bars. These are experimental data and as such 
cannot be controverted. The reason for the differences repre- 
sent an hypothesis and as such may be incorrect. However, we 
considered this hypothesis likely and reasonable. 

We reason that convection currents existing during early 
stages of solidification may be expected to set up differences in 
the temperature of the liquid metal depending on its position 
within the casting. ‘Thus, the temperature of liquid metal and 
sand in the riser become generally higher initially. We know 
further from our research on solidification (See “Solidification 
of Steel Against Sand and Chill Walls” by Bishop, Brandt and 
Pellini in this volume) that higher temperatures result in de- 
laved solidification not only at early stages but during the 
entire course of solidification. 

Accordingly, we deduce that for sections large enough to 
allow extensive thermal connection (the 8-in, by 8-in. size) 
the riser metal and sand are heated appreciably more than 
would be expected normalty. The resultant slower solidifica- 
tion of the riser due to this effect results in a lag over and 
above that due to the size of the riser. This is exactly the 
condition which is shown by the increased thermal gradients 
noted for the vertical 8-in. by 8-in. castings. 

Mr. Sims: It is easy to see how there could be convection cur- 
rents while superheat is being dissipated but not after iso- 
thermal liquid prevails. It is possible that the apparently 
steeper gradient along the center line in the vertically-cast 
specimens may be only evidence of the eccentricity that would 
occur in the horizontally-cast bar. Although it is not specifically 
stated, it is assumed that in both cases the riser was vertical. 
This would produce an L-shaped casting in the horizontal speci- 
men with a re-entrant angle at the top and an external angle 
at the bottom. There would be retarded cooling at the re- 
entrant angle and, near the riser, the last metal to freeze would 
be above the center line of the horizontal specimen rather than 
at the centerline. This would make the two sets of curves in 
Fig. 6 different. 

Another factor that may have a bearing is that, in this steel, 
free ferrite crystals could form at the peritectic temperature. 


*Assistant Director, Battelle Memorial Institute, Columbus, Ohio. 
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If these fell to the bottom, they could cause an effect akin to a 
convection current. Again this would cause a symmetrical condi- 
tion in the vertical and an asymmetrical freezing in the hori- 
zontal specimen. 

Mr. Petuini: Such is the case—convection occurs only during 
the stage of superheated liquid. However, it is due to this event 
that the riser is kept hotter longer and the sand surrounding 
the riser is raised to a higher temperature. While this event 
occurs early its effects are felt all through solidification, i.e., to 
completion of solidification. 

CoMMENTs By Mr. WENNINGER 


C. E. WENNINGER:* Did you pour the 8-in. by 8-in. sections 
as fast as you poured the 6-in. by 6-in. sections? 

Mr. BisHop: The gate sizes were the same. In case where we 
were trying to determine the convection currents in the 8-in. by 
8-in. sections we had a gating arrangement whereby the hori- 
zontal and vertical bars, although in separate molds were 
poured simultaneously, and at very nearly the same rate and 
same time. 

CHAIRMAN RASSENFOss: Was anything done in the case of a 
plate poured horizontally to keep the metal which was poured 
into the horizontal mold from indiscriminately filling the mold, 
or was there a method of controlling the pattern in which it 
spread? Might not the placing of the plate in the vertical 
direction make it mandatory that the metal would go to the 
bottom and as it rose create a gradient type heating of the 
sand. If you poured the mold horizontally the metal would 
have less of a chance to fill the mold in an orderly manner. 

Mr. Bishop: That is possible. In the vertical casting, of 
course the metal goes down the length of the casting and rises, 
but from some of these movies on gating it appears that when 
the metal falls down into a pool of liquid it creates such a 
tremendous amount of turbulence that I cannot see that the 
method. of gating would have any effect. In fact, that is true 
on horizontal castings also. Even though the gate is at one end 
of a casting, the movies show that the metal might run down 
to the opposite end of the casting and come back to where it 
started. So I do not think, in these large bars, that the loca- 
tion of the gate and the way the metal runs into a large cast- 
ing could create much of a gradient condition. 

Co-CHAIRMAN Dierert: I would like to have more mforma- 
tion on the quantity of sand against the 2-in. by 2-in. section 
as compared with the 8-in. by 8-in. casting inasmuch as the 
quantity of sand wil influence the heat absorption. 

Mr. BisHor: These castings all had at least 8 in. of sand 
around them. The 2-in. by 2-in. bars had more sand in some 
cases than the larger bars, but as far as the sand was con- 
cerned, we felt that the mold was for all intents and purposes 
semi-infinite. Our studies on the 7-in. by 7-in. bars indicated 
that if the sand thickness was roughly gths of the thickness 
of the casting it was, to all intents and purposes, sufficient. 

CoMMENTs By Mr. FaAisT 

C. A. Fatst:* Getting back to the discussion of convection 
currents, we are seeing here the later stages of solidification 
where we have a small pool of apparently isothermal metal re- 
maining. Can the so-called convection currents in this appar- 
ently isothermal material be explained in another manner? 

I was thinking mainly of the fact that, being a pool of late 
solidifying liquid material, we have a very finite amount of it 
left, and could this convection current be explained more in 
the light of a gravimetric explanation during the final nuclea- 
tion of the very finite amount of this material left. In other 
words, we have a process of nucleation and solidification going 
on and might not this convection be more a process of a very 
finite settling of particles rather than because of currents gen- 
erated principally through various temperature gradient levels? 
I think we are calling it an isothermal pool and yet we are 
trying to explain convection in the light of temperature gradi- 
ents, which does not agree. 

Might not this generation of currents in this pool be more 
a process, since we are speaking of atomic amounts now, the 
generation of these very minute amounts of nucleation and 
entrance into the picture of the mass effect of the very slight 
atomic amounts of energy being combined in your process of 
nucleation and dendrite growth? It might be more mechanical, 
actually, than thermal. 


‘Dir. of Foundry Res. & Dev., University of Kentucky, Lexington. 
Research Metallurgist, Burnside Steel Foundry Co., Chicago. 
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Mr. Pewuini: I do not feel it is as complicated as all that. 
There are two things we have to watch in talking about the 
development of an isothermal condition. We may have a near- 
isothermal condition across the section of the bar but not along 
the length of the bar. This is the very crux of the matter. 

We are talking here in go, no-go conditions as far as feeding 
is concerned, i.e., in terms of very small differences in the longi- 
tudinal gradients required for feeding. The thermal gradient 
conditions imply in schematic terms that there is a more open 
condition near the riser. In other words a “funnel”-like chan- 
nel with the large end at the riser. If I may express the differ- 
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ence in terms of a “funnel” for feed liquid we have a fii: 
funnel for the feed liquid in the case of the horizontal bar 
and a broader funnei in the case of the vertical. The therm:| 
gradient curves specifically point that out as being the case. 
The process of nucleation mentioned does not fit the cond 
tions. We have a process of continuous growth. The dendri: 
skeletons are attracting more and more solid to them. The 
amount of solid is continually increasing. Therefore the effect 
is one of building up gradually on the originally existing dei 


drite skeletons not of continuing nucleation. 
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KINETICS OF GRAPHITIZATION IN CAST IRON 


B. F. Brown* and M. F. Hawkes** 


ABSTRACT 


The morphology and kinetics of the various graphitization 
reactions in cast irons are discussed. In first stage malleablizing, 
the rate of growth of flake aggregate nodules was found to de- 
crease parabolically with time and to increase with the tempera- 
ture of reaction. The rate of nucleation was found to increase 
progressively faster with time and also to increase with tempera- 
ture. The two rates are interdependent, and it appears to be 
the rule that an alloying element which increases the overall 
graphitization rate increases the rate of nucleation in such 
proportions that the rate of growth of individual nodules is 
slower than that for unalloyed iron. 

The eutectoid decomposition of austenite to graphite and 
ferrite and also to pearlite was studied in a magnesium-treated 
nodular iron. The resulting “T-T-T” curve is presented. The 
rate of the former reaction is shown to be diffusion controlled. 
The subcritical graphitization of pearlite was studied using the 
same iron. Rates of growth of ferrite were measured, and a 
comparison of the effects of reaction temperature on the times 
required to obtain a ferritic matrix by eutectoid decomposition 
and by subcritical graphitization is presented. 

A possible mechanism (involving carbide stability) for the 
effects of alloying elements on rates of graphitization is sug- 
gested. 


|. Introduction 


THE VARIOUS GRAPHITE FORMATIONS which occur 
in iron and steel may be classified according to the 
reactions by which they are produced; these are illus- 
trated in Fig. | and are listed below in the order of 
decreasing temperature range of the reaction: 


(Carbon) jiquia iron > Graphite (1) 


This is the proeutectic precipitation which accounts 
for the “kish” (ASTM type C) graphite flakes of 
hypereutectic irons, and possibly for part of the spher- 
ulites in some “‘nodular” cast irons. 


Liquid iron — Austenite + Graphite (11) 
This, the eutectic reaction, is responsible for most 
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of the flake graphite (ASTM types A, B, and E) of 
commercial gray cast irons and for at least some of the 
spherulites in “nodular’’ cast irons. 


Cementite — Austenite + Graphite (IT) 


This reaction is the essential part of the first stage 
annealing of malleable iron, during which the massive 
carbides are decomposed. It is also responsible for the 
undercooled (ASTM type D) graphite of some gray 
irons, for the graphite in most mottled irons, and 
probably for the “quasi flakes” formed in some par- 
tially “nodular” irons. Either reaction II or reaction 
III is responsible for the spherulites in “nodular” 
iron. 

Since the reaction is thus of considerably wider im- 
portance than simply that of first stage malleabiliza- 
tion, the overall term “gamma-range graphitization” 
will be used here. 


(Carbon), ustenite > Graphite (IV) 


This refers to precipitation along the Agraynite line 
on cooling. The graphite so rejected from solution in 
austenite almost always deposits on existing graphite, 








TEMPERATURE 

















% CARBON 


Fig. 1—Iron-iron carbide and tron-graphite diagrams. 
Roman numerals refer to the various types of re- 
actions which produce graphite. 
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but under rare conditions may form in a Widman- 
statten figure. 


Austenite — Ferrite + Graphite (V) 


This, the stable iron-carbon eutectoid reaction, 
probably occurs in most partially or wholly ferritic 
matrix gray iron and in almost all ferritic malleable 
irons as the latter are cooled through the “second 
stage” of malleablization. Most of the graphite so 
formed deposits on existing graphite particles. This 
reaction is the basis for one of the heat treatments 
used to produce ferritic nodular iron. 


Cementite — Ferrite + Graphite (VI) 


This reaction is the one by which subcritical graphi- 
tization in steel occurs. It is also one commonly used 
to fully ferritize a pearlitic matrix in nodular irons, 
although it will be shown later to be a somewhat 
longer process than that involving reaction V. It 
possibly occurs to some extent in ferritic matrix grav 
and malleable irons. 


(Carbon) serrite — Graphite (VII) 


Presumably the solubility of carbon in ferrite that 
is in equilibrium with graphite decreases with de- 
creasing temperature. Graphite precipitating from 
ferrite on cooling would probably deposit on existing 
particles of graphite formed by one or more of the 
aforementioned reactions. 

It is the kinetics of reaction III (gamma-range 
graphitization), reaction V (the eutectic reaction), and 
reaction VI (subcritical graphitization) which is the 
subject of this study. 


ll. The Crystallography and Metallography of Graphite 


The crystallography and metallography of graphite 
have been thoroughly described by Morrogh and Wil- 
liams! and will only be summarized here to establish 
a nomenclature for subsequent discussion. The crys- 
tal structure of graphite is layered hexagonal with 
successive layers displaced with respect to one another. 


KINETICS OF GRAPHITIZATION IN Cast IRon 


The graphite formed by reactions I and II above 
usually occurs as flakes. These are essentially sing!e 
crystals which are thick basal sections of the hexagon:\] 
lattice. Figure 2 shows such flakes in gray cast iron 
photographed using sensitive tint illumination, under 
which their color varies with position from red to 
green; thus the dark (red) flakes in this photomicro- 
graph appear light (green) if they are rotated {0 
degrees. The ‘warping’ of the flakes seen in most 


gray iron (Fig. 3) apparently results from fine-scale 
fragmentation of the single crystals. 





Fig. 3—Warped flakes in gray cast iron. Mag. 600x; 
Nital-picral etch. 


Spherulites, on the other hand, are built up of a 
great number of pyramidal crystallites, having their 
apices at the center, in such a way that the basal 
planes are essentially perpendicular to radii of the 
sphere. Such spherulites may form in the solid state 
(reaction III) under conditions described later, or 
perhaps in the liquid state (reaction I or II) by the 
addition of Ce, Mg, Ca, or other agents. Figure 4 





Fig. 2—Normal flake graphite illustrating reflex pleo- 
chroism. Mag. 1000x; Nital etch; Sensitive tint 
illumination, 


Fig. 4—Spherulitic graphite in whiteheart malleable 
iron. Mag.—1000x; Nital-picral etch; Sensitive tint 
illumination. 








_* 











B. F. BROWN AND M. F. HAWKES 








Fig. 5—Graphite spherulites in same specimen of as-cast nodular iron (treated with magnesium). Mag.— 
1000x; Picral etch; Sensitive tint plate. 


shows a spherulite formed by heat treatment in the 
solid state, and Fig. 5 shows spherulites formed during 
solidification. The crystallites of the spherulite in Fig. 
5b are apparently much finer than those of either Fig. 
4 or Fig. 5a. 

Most of the graphite of blackheart (American) 
malleable iron is produced by reaction III and forms 





Fig. 6—Flake-aggregate graphite nodules in commer- 
cial blackheart malleable iron. Mag.—250x; Nital etch. 





as clusters of small particles of graphite which some- 
times look like flakes (Fig. 6). Such clusters have 
been named “flake-aggregate nodules” by Morrogh 
and Williams. Aggregate nodules may vary widely in 
degree of compactness, as may be seen by comparing 
Figs. 6 and 9, the less compact nodules being asso- 
ciated in general with rapid nucleation. 

It is generally believed that all the graphite which 
forms along the Agrapnite line on cooling (reaction IV) 
deposits on existing graphite, although this has not 
been demonstrated. The unusual Widmanstatten de- 
posit of graphite of Fig. 7, however, is an example of 





600 x 


Fig. 7—Widmanstdatten graphite (2). 
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Fig. 8— Mechanism of gamma-range graphitization 
(schematic), showing how growth of the graphite lat- 
tice (array of solid circles) ultimately must proceed by 
diffusion of carbon (solid circles) through austenite: 
(A) at some favorable area between austenite (left) 
and cementite (right), carbon atoms collect (B) to 


form the 


sponding iron atoms of the decomposing cementite 
form austenite which soon surrounds the graphite. 
Further deposition of carbon from the cementite 
(upper right, C), can only take place by diffusion of 
carbon through the intervening austenite. 


nucleus of the graphite lattice; the corre- 





Fig. 9—Progress of gamma-range graphitization; lron R. Mag.—250x; Nital-picral etch. 
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such precipitation along crystallographic planes of 
austenite rather than upon existing graphite. 

Although most graphite formed by eutectoid trans- 
formation (reaction V) deposits on pre-existing 
graphite particles, the formation of new particles has 
been reported by Hayes et al.* In this instance, many 
more graphite particles were observed in malleable 
iron specimens after slowly cooling through the eutec- 
toid range than were there in the austenitic range. 
The metallographic evidence was not wholly convinc- 
ing; however, in the current investigation it was noted 
that in partially malleablized specimens in which the 
eutectoid reaction was interrupted by quenching, 
there were a number of examples of what appears to 
be formation of new graphite particles by eutectoid 
reaction (c. f. Fig. 24). 

Graphite which forms by the subcritical decomposi- 
tion of cementite (reaction VI) in the absence of 
existing graphite, as in the subcritical graphitization 
of steel, usually deposits as an “aggregate nodule,” 
although under appropriate conditions it may deposit 
along grain boundaries as a quasi-flake. In commercial 
cast iron (malleable, nodular, or gray) probably most 
graphite formed by reaction VI deposits on pre-exist- 
ing graphite. 


ll. Gamma Range Graphitization 


The process of decomposition of cementite above 
the eutectoid temperature (reaction III) is one in 
which graphite nuclei form, and carbon atoms from 
the decomposing cementite diffuse through austenite 
to precipitate on the growing graphite particles; dur- 
ing the reaction the iron atoms of the cementite attach 
themselves to the adjacent austenite lattice. This pro- 
cess is shown schematically in Fig. 8. 

The morphology of the graphite thus produced is 
controlled by the composition of the alloy and by the 
temperature of the reaction. In malleable iron, if the 
Mn/S ratio is below about 0.8 (weight per cent), the 
graphite particles grow as spherulites. If the Mn/S 
ratio is above 0.8, the graphite forms in flake aggre- 
gate nodules. The compactness of nodules may vary 
widely, the less compact being associated with higher 
reaction temperatures, faster nucleation rates, and 
higher Mn/S ratios. Very high gamma range reaction 
temperatures may give rise to graphite particles so 
disperse that they resemble the flakes of gray iron. 

The kinetics of the gamma range reaction was 
studied using white cast irons in which the Mn/S ratio 
was kept at about 1. When such irons are graphitized 
at 1500 to 1750 F (816 to 954 C), the flake-aggregate 
nodules so produced are reasonable approximations 
of spheres (Fig. 9); the mechanism of growth, how- 
ever, is identical with that of commercial first stage 
malleablization. 


1. Measurement of Rate of Growth of Flake Aggregate 
Nodules 


The compositions of the white cast irons used in 
this study are listed in Table 1. Cubic specimens | 
cm. on an edge were sawed from identical positions in 
the cast coupons. The specimens were heated to the 
reaction temperature rapidly in an atmosphere of 
dried argon, allowed to graphitize for a measured 
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TaBLE 1—CoMposiTION OF IRONS UsED TO STUDY 
GAMMA-RANGE REACTION KINETICS 





Iron Cc Si Mn S P Other 





H 2.35 0.97 0.05 0.090 0.008 _ 


E 2,35 0.98 0.07 0.082 0.012 0.17 Mo 
G (235) (0.98) (0.06) (0.09) (0.01) 0.43 Cu 
F (225) (0.98) (0.06) (0.09) (0.01) 040 Ni 
R 24 1.3 0.08 0.08 0.06 nt 


All irons were from induction melted experimental heats and 
were cast in sand molds. 


Iron R was from a 2-lb heat. 


The others were from a single 200-lb heat divided into four 
fractions. 





time, and then water-quenched. 

This heat treatment was carried out with different 
specimens for various reaction times to obtain speci- 
mens representing the entire course of gamma range 
graphitization to complete decomposition of the ce- 
mentite. This is illustrated by the photomicrographs 
of Fig. 9. The procedure was repeated at tempera- 
tures over the range 1499 to 1742 F (815 to 950 C). 

The specimens were polished, and the diameter of 
the largest nodules in each specimen were measured. 
The growth curve for these nodules may be drawn by 
plotting these diameters as a function of the corre- 
sponding reaction time, as in Fig. 10. In this figure the 
square of the diameter is also plotted, from which it 
can be seen that the growth curve is approximately 
parabolic. 

It was noted in these specimens that the carbide 
particles nearest to a nodule dissolved faster than 
those somewhat more remote, but it is significant that 
the more remote carbides are in the process of dis- 
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Fig. i0—Growth curve for iron H graphitized at 1661 
F (905 C), showing growth time plotted against diam- 
eter and against diameter squared. 
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solving before the nearer carbides completely dis- 
appear. This indicates that the diffusion potential 
surface in the austenite must be as indicated sche- 
matically in Fig. 11. Attempts were made to obtain 
quantitative values of carbon concentration by observ- 
ing the M, temperatures at various points in the 
matrix, but the method was not sufficiently sensitive 
over the small distances involved. The conditions 
sketched in Fig. 11 indicate that while diffusion is 
important, it is not controlling. 
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Fig. 11—Carbon diffusion potential terrain in gamma- 
c c 
range graphitization (schematic). 


Zener* has given an analytical expression for the 
rate of growth of a spherical particle growing in a 
matrix originally of uniform composition. This equa- 
tion is not adaptable to the problem at hand, how- 
ever, unless some additional empirical term or terms 
be added to correct for the carbides which exist 
throughout the matrix and bolster its composition. 

Finer carbides dissolve more rapidly because of their 
greater interface area and smaller radius of curvature. 
This is undoubtedly one reason why fine carbides, 
such as are promoted in castings with a small ratio of 
mass to surface area, graphitize more rapidly. 

The growth of a nodule thus is served by carbon 
diffusing from a large surrounding zone or “carbon- 
shed”; in this region the nucleation of more nodules, 
while still possible, appears to be somewhat inhibited 
by the existence of the carbon concentration gradient. 
Any factor which increases the possibility of nuclea- 
tion in this zone will thereby compete for carbon with 
the original nodule and thus act to decrease its growth 
rate. 


2. Effect of Temperature on Rate of Growth 


As has long been known, the rate of gamma-range 
graphitization increases continuously as the reaction 
temperature is raised. This does not mean, necessarily, 
that the rate of growth is increased, for the rate of 
reaction depends also on the rate of nucleation. In- 
creased temperature increases the diffusion coefficient, 
but increased nucleation, through the competition 
effect discussed above, would act to decrease growth 
rate. It is hence not possible to predict the net effect 
of increased temperature on the rate of growth. 

Experiments in this investigation have shown, how- 
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ever, that in general the growth rate increases with 
increasing temperature. This increase in growth rate 
was observed to be discontinuous in the case of iron H 
(Fig. 12). This is understandable when it is realized 
that the curve is the algebraic sum of the effects of 
diffusion and competitive nucleation upon rate of 
growth. 
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Fig. 12—Effect of temperature on rate of growth of 
graphite nodules in iron H. 


3. Effect of Composition on the Rate of Growth 


The elements which affect the graphitizing rate of 
a white cast iron do so primarily through their effect 
on the stability of cementite, according to the views 
set forth in a subsequent section of this paper. The 
changed stability may result in a change in the rate of 
nucleation of graphite, a change in its rate of growth, 
or both. Whether a given alloying element will cause 
an increase in rate of growth or a decrease depends, 
as does the effect of temperature, not only on the spe- 
cific effect on an isolated nodule but also on the rate 
at which competing nodules are nucleated. Where 
growth measurements can be made before “carbon- 
shed” spheres impinge, one should be able to detect 
an increase in growth rate when a graphitizer is added. 
What happens after impingement effects begin de- 
pends on the relative effects of the graphitizer on rates 
of nucleation and rates of growth, but it appears to be 


_the rule that any alloying element which increases the 


overall graphitization rate increases the rate of nuclea- 
tion in such proportions that the rate of growth of an 
individual nodule is slower than that for the un- 
alloyed iron. As a corollary of this, the elements 
which speed graphitization decrease the size of and 
increase the number of final nodules. This effect is 
especially striking in irons containing nickel, copper, 
and high silicon. 

These conclusions are illustrated in Fig. 13 which 
shows growth curves for several irons from the same 
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Fig. 13—Growth curves for irons of several composi- 

tions from a split heat graphitized isothermally at 

1661 F (905 C). E, with Mo addition; F, with Ni addt- 
tion; G, with Cu addition; H, unalloyed. 


split heat. Iron F contains nickel and reacts faster 
than iron E, which contains molybdenum. At first the 
rate of growth of iron F is faster than that of E, but 
so is its rate of nucleation; and as more nuclei form, 
the rate of growth in iron F drops off until it is the 
slower. 

Iron G is a copper-bearing iron which reacts more 
rapidly than either E or F. However, because of im- 
pingement effects, the rate of growth of the nodules 
of iron G is slower (at least during the measurable 
portion of the reaction) than those of either of the 
other irons. 

The effects of alloying elements on graphitization 
reactions are further discussed in section VI. 


4. Rate of Nucleation of Graphite Nodules 


The graphite lattice is so dissimilar to those of aus- 
tenite and of cementite that it is unlikely that any sort 
of bonding could develop to permit graphiie to grow 
coherently with either of the other phases. 

The plane of polish in a metallographic specimen 
is sometimes observed to cut a nodule which is grow- 
ing at a carbide-austenite interface. If this were the 
principal site of nucleation, the probability for nuclea- 
tion in a given volume of iron would be expected to 
be a function of the total carbide-austenite interfacial 
area, which for a given carbon content depends upon 
carbide size distribution. This would furnish another 
explanation for the observed fact that a white iron 
graphitizes more readily if it has first cooled to room 
temperature to form pearlite and is then reheated into 
the gamma range than if the iron is allowed to solidify 
and cool only to the gamma-range graphitization tem- 
perature. In the former instance there are many more 
carbides left from the incomplete solution of pearlite. 

Furthermore, in liquid droplets and in solid par- 
ticles as well, the “vapor pressure” or “solution poten- 
tial” of an element in the phase is an inverse function 
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of radius of the bounding surface. One would there- 
fore expect smaller carbides, such as those arising from 
the partial solution of pearlite and the tempering of 
martensite to be more active in nucleation than the 
larger eutectic carbides. This has been suggested by 
Hultgren.® Type D flake graphite in gray irons, which 
also results from the decomposition of cementite, ap- 
pears to form at carbide-austenite interfaces too, and 
never within the austenite. These three effects thus 
constitute the best published evidence, indirect as it is, 
on the site of nucleation and suggest that the site is at 
the cementite-austenite interface. 

It was noted earlier that nucleation of additional 
nodules tends to be inhibited in the “carbon-shed” 
which surrounds a growing graphite particle. This 
may explain in part the decreased rate of graphitiza- 
tion observed in the partially decarburized skin of a 
white cast iron. 

The nucleation of a flake-aggregate nodule com- 
mences with the nucleation of a flake which grows 
predominantly by extension of the basal plane. This 
appears to stimulate the nucleation of other adjacent 
flakes which tend to be oriented radially about the 
center of original nucleation. This is favorable to 
growth parallel to the basal planes. 

Deductions concerning rates of nucleation in irons 
reacted in this investigation were made from studies 
of the change in nodule size distribution as the graphi- 
tization reactions proceeded. True size distributions 
were obtained by using the Scheil method of analy- 
sis*? on specimens graphitized for increasing times at 
temperatures yielding spherical flake-aggregate nod- 
ules. 
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Fig. 14—Graphite nodule size distribution for spect- 
mens of iron R reacted isothermally at 1697 F (925 C). 








188 





. 


94s 
ees” 
#90" 
sos* 
sos" 


8 2 

$3 
»*peox 
zm 222 


= 
oO 


MODULES PER CU. MM. OVER 1.67 x 10°? wm. DIA 
; : 
r r 


6 
T 








rn 1 1 1 1 








°, 


f 4 & 6 7? 


°o 
x 


REACTION Time — HOURS 


Fig. 15—Effect of reaction time on number of nodules 

(larger than 1.67x10-° mm in diameter) during gamma- 

range graphitization. Illustrates disappearance of nod- 
ules. Temperature in Centigrade. 


A typical example of the distribution curves ob- 
tained is shown in Fig. 14.* There are three char- 
acteristic regions to such curves: 

1. A linear branch at larger nodule sizes on the 

semilog plot. 

2. A minimum at intermediate sizes. 

3. A rising curve for the smaller sizes. 

One of the interesting features of these distribution 
curves is the progressive decrease in the number of 
nodules in the maximum size group as the nodules 
grow during the reaction. This indicates that all dur- 
ing the reaction competition is entering to effectively 
stop the growth of a large number of nodules. The 
measured growth curve is then the growth curve for 
only those nodules which grow to the largest size. 

By combining data from nodule size distribution 
curves and growth curves obtained from the same 
specimens, it is possible to calculate rates of nuclea- 
tion for the early period of reaction. This assumes 
that during this period all nodules grow at the same 
parabolic rate. Such calculations were made, and it 
was found that the rate of nucleation increases pro- 
gressively faster as time proceeds; this is apparently 
common in reactions in solid metals. Although smooth 
curves were obtained, and the trend is undoubtedly 
as stated above, the results obtained on specimens re- 
acted at various times differed by a factor as great as 
two, and hence the particular numerical values are 
not considered significant enough to report. The dis- 
crepancy in numerical values is undoubtedly due to 
the fact that, even in the early period of reaction, the 
growth of some nodules is slowed because of the 


*In determining any one curve in plots of this type, each 
nodule is considered to have a diameter which is the nearest 
integral multiple of the smallest diameter observed. Nodules of 
adjacent diameters are then tabulated as differing in diameter 
by one cell size c. The number of nodules in each size group 
(cell) is thus influenced by c which varies from specimen to 
specimen. In order to make the various curves comparable, the 
number of nodules in each size group was divided by c to give 
the ordinate U (which has the units nodules per cm* per cm). 
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proximity of neighboring competing nodules. 

Another interesting observation was made which 
concerns the effect of reaction time on the number of 
graphite nodules present during the later period of 
reaction. Figure 15 shows the total number of nodules 
(of all sizes above a minimum diameter of 1.67 x 10% 
mm) per cubic millimeter in several irons as a func- 
tion of reaction time. The number is seen to reach a 
maximum and then decrease in at least two instances; 
presumably this would also be true in the remaining 
instances if the observations had been carried out to 
longer reaction times. This disappearance of nodules 
has been reported previously by a number of investi- 
gators (e.g., Ref. 13). The explanation is probably 
that the solution potential of carbon at the surface of 
nodules of small diameter is greater than that at the 
surface of nodules of larger diameter. There should 
thus always be some tendency for smaller nodules to 
disappear by giving up carbon atoms to diffuse 
through the surrounding austenite and deposit on 
larger nodules. 


5. Effect of Temperature on Rate of Nucleation 


If the rate of nucleation were relatively unaffected 
by an increase in temperature while the rate of growth 
increased rapidly, then the first few nodules formed 
would consume all the carbon and the result would 
be fewer and larger nodules at higher temperatures of 
graphitization. If on the other hand, the rate of nu- 
cleation were increased relatively much more than the 
rate of growth, then the result would be a larger num- 
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Fig. 16—Comparison of graphite nodule size distribu- 


tion curves for iron E reacted at three different tem- 
peratures. Temperatures in Centigrade. 
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ber of very small nodules. The observed behavior, 
however, is that there is little difference in size dis- 
tribution of nodules grown over a comparatively wide 
temperature range; therefore, the effect of tempera- 
ture on the two rates is much the same. In Fig. 16, 
which shows the distribution curves from three re- 
action temperatures, it will be noted that the slopes 
of the straight line branches are essentially the same. 
Since the rate of growth is affected by the rate of nu- 
cleation and is not the same for all nodules, nothing 
more precise can be said of the effect of temperature 
on the rate of nucleation than that it is increased 
by increasing the temperature of reaction just as is 
the rate of growth. 

This conclusion also appears to be substantiated by 
the curves in Fig. 15 for iron R reacted at three dif- 
ferent temperatures. To be sure, true rates of nuclea- 
tion cannot be derived from these curves, since nod- 
ules below the minimum size, including the many too 
small to detect, have not been included in the count; 
it would not be expected, however, that their inclusion 
would radically alter the relative position of the 
curves. 


6. Rate of Gamma-Range Reaction 


Having graphite nodule size distribution curves, it 
is possible to compute per cent reaction as a function 
of time for the temperatures concerned. This was 
done for two of the irons studied and resulted in re- 
action curves of the type shown in Fig. 17. It is ob- 
served that the reaction curves for different tempera- 
tures can be superimposed by simple lateral shifting 
of the log time axis. 
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Fig. 17—Gamma range graphitization reaction curves 
for iron E. Temperatures in Centigrade. 


Reaction data for four additional irons were ob- 
tained from the literature. These and the data from 
the two irons of this investigation were plotted to- 
gether. Again the data would be superimposed by 
lateral shifting as shown in Fig. 18. It is remarkable 
that at least over a considerable range of both temper- 
ature and composition, the form of the reaction curve 
is the same. This means that for any given iron re- 
acted at any temperature, it is only necessary to have 
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Fig. 18—Master reaction curve for gamma-range graph- 

itization to form flake-aggregate nodules. Irons R and 

E from this investigation used. Other data from 
Schwartz! and from Smith and Palmer.?? 


one reliable point on the reaction curve plus the mas- 
ter reaction curve in order to know the entire course 
of the reaction. 


IV. The Eutectoid Reaction 


Austenite of eutectoid composition may, on cooling 
into or below the eutectoid temperature range, trans- 
form either to ferrite and cementite (pearlite) or to 
ferrite and graphite. Both reactions are observed in 
cast irons. The reaction to pearlite is found in pear- 
litic malleable, incompletely decarburized whiteheart 
malleable, and higher strength gray and nodular 
irons; the reaction to ferrite and graphite occurs in 
the production of most ferritic malleable, and in the 
softer grades of gray iron and nodular iron when the 
final structure is developed by slow cooling from the 
austenite range. Control of the factors determining 
which reaction will take place is thus of prime con- 
cern in the manufacture of gray, malleable, and nodu- 
lar cast iron. The direct transformation of austenite 
to graphite in steel has never been reported, although 
there is no theoretical reason why it should not occur 
if the composition and heat treatment are favorable. 

Isothermal transformation studies by Boyles* on 
gray iron have shown that both the pearlite and 
graphite eutectoid reactions increase in rate as the 
transformation temperature is decreased. However, 
the irregular shape of the graphite of gray cast iron 
and of blackheart malleable iron precludes measuring 
the rates of growth and rates of nucleation of the 
graphite eutectoid reaction in such materials. Further- 
more, in whiteheart malleable iron the reaction to 
ferrite and graphite does not take place; instead the 
austenite transforms entirely to pearlite (Fig. 4) . 

On the other hand, the eutectic graphite of nodular 
iron is in the form of spheres, the reaction of austenite 
to ferrite and graphite takes place over a wide range 
of temperature, and the reaction can be controlled so 
that the ferrite forms in concentric spherical shells 
around the nodules. This permits measurement of 
growth of the ferrite shells as well as of rate of re- 
action. Results of several such measurements follow: 

The nodular cast iron used was made by the mag- 
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nesium process and contained 3.61 C, 2.2 Si, 0.45 Mn, 
1.07 Ni, and 0.12 P. By quenching from successively 
higher temperatures, the upper limit of the eutectoid 
range (point S’ of Fig. 1) was found to be 1520 F 
(827 C). 

To obtain relatively homogeneous austenite of 
eutectoid carbon concentration, the austenitizing treat- 
ment selected consisted of heating to 1742 F (965 C) 
for 1 hr, then cooling slowly to 1526 F (830 C) and 
holding for | hr. Specimens so austenitized were then 
isothermally reacted in molten salt at various tempera- 
tures for various lengths of time following which they 
were quenched to room temperature. The specimens 
were then polished, the thicknesses of the ferrite shells 
were measured, and the per cent of transformation of 
the eutectoid austenite to ferrite and graphite was 
measured by lineal analysis.® 

The progress of this transformation is depicted in 
Fig. 19 which shows the structures of specimens 
quenched from the reaction bath after various re- 
action times. This figure shows the complete trans- 
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formation of austenite directly to ferrite and graphit«. 
Since the austenite is of eutectoid composition, ferrite, 
and graphite precipitate in eutectoid proportions, the 
carbon diffusing through the ferrite and precipitating 
on the graphite spherulites. Figure 20 shows the thin 
layer of pro-eutectoid and eutectoid graphite which 
has deposited on the original eutectic spherulite. 

In addition to the ferrite which forms around the 
spherulites, there is always a tendency for some fer- 
rite to form at austenite grain boundaries. This ten- 
dency becomes more pronounced as the temperature 
of the reaction is increased, until at the highest tem- 
peratures the ferrite is virtually all of the grain bound- 
ary type, as illustrated in Fig. 21. 

One interesting aspect of the structure in Fig. 21 is 
that an unusual type of divorcement of eutectoid 
phases is exhibited. In normal divorcement the two 
product phases precipitate in massive form in juxta- 
position, but in Fig. 21 the two product phases have 
precipitated in such way that they are separated from 
each other by untransformed matrix. Figure 22 shows 





Fig. 19—Process of transformation of austenite in nodular iron P at 1346 F (730 C). Time in minutes. Mag. 
—250x; Nital etch. 
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. Fig. 20—Spherulite showing outer layer of graphite 

added during cooling along the agraphite line and 

during eutectoid transformation. Mag—1000x; Nital 
etch; Sensitive tint illumination. 





Fig. 21—Grain boundary ferrite in specimen of nodu- 
lar iron partially transformed at 1400 F (760 C). Mag. 
—250x, Nital-picral etch. 


the mechanism of the reaction which produces shells 
of ferrite around the spherulites. 

Before assuming that all the graphite of the eutec- 
toid divorces by carbon diffusing to the existing graph- 
ite spherulites, a careful search was made for graphite 
in small quantities in the ferrite. An extensive search 
yielded only one instance of separate eutectoid graph- 
ite (Fig. 23). A second manifestation of eutectoid 
graphite was observed in a commercial iron quenched 
from the middle of the second stage (Fig. 24). Here 
apparently some relation between the austenite and 
ferrite lattices has promoted the formation of graphite 
at certain interfaces where the diffusion distance to 
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Fig. 22—Mechanism of formation of ferrite shells dur- 
ing the transformation of eutectoid austenite to ferrite 
and graphite. 





Fig. 23—Graphite deposit (thin dark bands in ferrite) 

which appears to be eutectoid graphite which formed 

at a ferrite-austenite interface. Field also includes por- 

tion of graphite spherulite and graphite which formed 
in a crack. Mag. 1600x; Nital-picral etch. 


the-nearest nodule is too great to accommodate the 
reaction. 

Above 1382 F (750 C), within the y + a + graphite 
region of the phase diagram for the alloy, the trans- 
formation of austenite to ferrite and graphite does 
not go to completion, but instead the three phases 
co-exist in equilibrium; the higher the temperature, 
the less austenite can transform. 

At reaction temperatures from 1382 F (750 C) down 
to about 1332 F (725 C) the reaction products are 
ferrite and graphite. Below this temperature, reaction 
to ferrite and graphite begins, but before the aus- 
tenite has completely transformed, pearlite begins to 
form and the two eutectoid reactions continue simul- 
taneously. 

As the temperature is lowered further, this pearlite 
interruption commences sooner, proceeds faster, and 
produces more pearlite. This interrupted reaction is 











Fig. 24—Formation of eutectoid graphite at an austen- 

ite-ferrite interface in a commercial blackheart malle- 

able iron specimen quenched before completion of 

second stage malleablization. Mag.—750x; Nital-picral 
etch. 
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Fig. 26—Ferrite-graphite eutectoid isothermal reaction 
curves. 
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Fig. 25—Pearlite interruption of the ferrite-graphite 
eutectoid reaction in a specimen of nodular iron trans- 
formed at 1247 F (675 C). Mag. 250x; Nital-picral etch. 





illustrated in Fig. 25. At about 1166 F (630 C) and 
lower, the austenite transforms almost exclusively by 
the pearlite reaction. 

The amount of transformation in each isothermally 
reacted specimen was measured by lineal analysis.® 
The curves describing the isothermal reaction are 
shown in Fig. 26. It is observed that reaction curves 
for various temperatures can be superimposed by a 
simple lateral shift of the log-time axis. This means 
that, having a general reaction curve, a single reliable 
point at a given temperature is adequate to determine 
the entire course of the reaction at that temperature. 

By plotting the time for one per cent transformation 
(‘beginning’) and 99 per cent transformation 
(“end”), versus reaction temperature, a TTT-curve 
type representation of the reaction was constructed 


(Fig. 27). It should be emphasized that the TTT- 
curve reproduced here represents the particular iron 
studied only and that such surves are affected not 


only by composition but also by nodule size distribu- 


tion and thermal history. 

In addition to these transformation rate data, 
growth rate data were obtained by measuring the 
thickness of the ferrite shells as a function of time. 
The resulting curves are plotted in Fig. 28. Conclu- 
sions regarding the limiting factors in ferrite growth 
rate can be drawn from the shape of these curves. This 
is discussed in the following paragraphs. 

If the decomposition of the austenite is limited by 
a diffusion process in which one assumes a diffusion 
potential A and a linear diffusion gradient along 
which carbon moves through the ferrite to plate out 
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graphite +. ferrite and austenite — pearlite reactions at outer surface of shell 

















in a nodular iron. a; == diffusion potential of carbon in ferrite 
at inner surface of shell 
m = mass of carbon moving into the shell 
60x10 D = coefhcient of diffusion of carbon in fer- 
rite, assumed constant over the carbon 
§ gradient, which is considered linear. 
| dm 
5 The rate —— at which carbon moves through the 
: dt 
s outer shell of thickness dr can be written: 
3 
§ dm da | a,—a; | 
3 = A D = t - r D — 
8 dt dx | {| rt, | 
" stad — ad The eutectoid composition is estimated to be 0.65 per 


Reaction time — minutes SE Slee pt ; : 
cent C. The decomposition of the eutectoid to form 


dm grams of carbon is accompanied by the appear- 
dm 

ance of a mass of ferrite a which appears in a 
0.0065 

spherical shell of mass 4 7 r? » dr. Equating these two 

expressions for the mass of ferrite, 


Fig. 28—Growth curves for ferrite shells formed 1tso- 
thermally from austenite. 


on the graphite spherulite, then the rate of growth 
of the spherical ferrite shell can be analyzed mathe- 


matically as follows: dm r 
Let r = outer radius of spherical ferrite shell 0.006% fr p dr, 
(in Fig. 22) ; whence 
r,; = inner radius of spherical ferrite shell, “we 0.0065 4 xr? pdr 
constant within the limits of accuracy er ir at iy 
of this measurement. dt dt 
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dm 
Equating these two expressions for , transposing 
dt 
and integrating, 
2D (a,-a;) 
r? — 2ryr = —————_t  C,. (1) 
0.0065 
9 


——— as , and a,-a, as A, 
5 


Writing r? — 2ryr as @ (r), 


this reduces to 

@ (r) = BADt + C,. (2) 
This equation means that if the reaction is diffusion 
controlled, a plot of ¢ (r) against ¢ should give a 
straight line for an isothermal process. 

If, on the other hand, the rate of reaction was con- 
trolled by the rate of passage of atoms across the y—a 
interface, the plot of r versus ¢ should be linear. 

The thicknesses of ferrite shells were measured and 
the resulting growth curves are plotted in Fig. 28. This 
figure shows that the plot of r versus ¢ is not linear 
and hence is not controlled by an interface reaction. 
Figure 29 shows plot of ¢ (r) versus ¢t, indicating that 
the function appears to be linear and consequently 
that it is a diffusion controlled process. 
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Fig. 29—Plot of  (r) versus time for ferrite shells 
formed isothermally from austenite at four different 
temperatures. 


The right hand member of equation (2) contains 
only two terms which are temperature-dependent, A 
and D. D is known to decrease with temperature 
while A, the “instability,” increases with decreasing 
temperature. Whether the rate of growth will be 
faster or slower at lower temperatures depends upon 
which of these two has the larger temperature co- 
efficient. The data of Figs. 28 and 29 show that the 
temperature effect on the “instability” factor A is 
greater than on the diffusion coefficient, and the 
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growth of ferrite proceeds more rapidly as the reaction 
temperature is lowered. 


Rather accurate estimates of D® can be made, so 
that A can be evaluated. If in a given system this can 
be treated as simply concentration difference, tiie 
value can be plotted on the phase diagram to check 
for reasonableness. Inasmuch as this is merely a check 
on the order of magnitude, the plot is made on the 
binary iron carbon diagram. The two “concentration” 
values defining this potential are (1) that of the car- 
bon in ferrite in equilibrium with austenite, which is 
given by the line GP,* extended if necessary, and (2) 
that of the carbon in ferrite in equilibrium with 
graphite, which is the ferrite solvus line. In Fig. 30 
the values of A are plotted from the solvus line. The 
locus is seen to be a reasonable extension of line GP. 
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Fig. 30—Diffusion potential values plotted on the 
binary iron-carbon diagram. 


V. Subcritical Graphitization of Cementite 


The reaction for the decomposition of cementite at 
subcritical temperatures is written: 
cementite — ferrite + graphite (V1) 
This reaction is responsible for most graphitization 
phenomena in steel and is essential for the “full an- 
nealing” of pearlitic nodular cast iron and gray cast 
iron. The expansion which it entails accounts for 
some, though by no means all, of the growth observed 
in pearlitic gray cast irons heated to temperatures jus! 
below the critical. The reaction could be used in the 
production of malleable iron, although it is not eco- 
nomical to do so. 
Mechanistically, reaction VI proceeds by the de- 


* See Fig. 1. 
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composition of the cementite lattice, the carbon atoms 
dittusing through ferrite to deposit on growing graph- 
ite particles, and the iron atoms remaining behind 
with the ferrite of the matrix. 

Experimental Work—Again because of the favorable 
geometry of the graphite, nodular iron was selected in 
preference to gray cast iron or malleable cast iron for 
studying subcritical graphitization. Specimens of the 
same nodular iron previously used for studying the 
transformation of austenite were austenitized in dry 
helium at 1652 F (900 C) for 31% hr, reacted in lead 
at 1098 F (595 C) for 5 min, and slowly cooled to 
room temperature. The specimens then consisted of 
graphite spherulites in a matrix of fine pearlite. 

The specimens were then graphitized isothermally 
in dry helium at various subcritical temperatures, 
quenched from the graphitization treatment after 
various reaction times, and polished for metallo- 
graphic examination. The structure of the partially 
graphitized specimens was one of graphite spherulites 
surrounded by growing shells of ferrite comparatively 
free from. carbide, these shells being surrounded in 
turn by the untransformed pearlite (Fig. 31). 





Fig. 31—Subcritical graphitization of pearlite in nodu- 
lar iron. Specimen heated 40 min at 1328 F (720 C). 
Mag.—300x; Nital-picral etch. 


No new graphite nuclei formed; instead the carbon 
from the decomposed pearlite diffused through the 
growing shell of ferrite to precipitate on the graphite 
spherulites. Not every graphite spherulite nucleated 
the reaction at once, a situation parallel to that when 


the austenite in nodular iron was transformed to fer- 


rite and graphite. 

The fact that no new nuclei form under such con- 
ditions has important implications in the metallurgy 
of nodular and gray cast iron. It demonstrates why 
pearlitic matrices in nodular irons having many small 
nodules are decomposed to ferrite and graphite more 
rapidly than in those irons having a few large nodules 
and why a similar situation will prevail in gray irons 
having many well distributed graphite flakes as com- 
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pared with those having a few large flakes. 

The formation of the shell of ferrite entails com- 
plete recrystallization of the existing ferrite of the 
pearlite, as well as the addition of iron from the de- 
composing cementite, in such a way that a radial col- 
umnar structure tends to form, as in Fig. 31. While 
the border between this shell and the undecomposed 
(but partly spheroidized) pearlite is not a sharp one, 
by selecting an arbitrary boundary the per cent of 
decomposed pearlite can be measured with fair accu- 
racy, and growth rates for the spherical ferrite shell 
can be estimated. 

The reaction curves thus measured for specimens 
reacted at several temperatures are shown in Fig. 32. 
It should be noted that the reaction proceeds faster as 
the temperature is increased. Figure 33, in which is 
plotted the time required to form 50 per cent ferrite 
by the two methods, shows that above about 1357 F 
(736 C) (for this iron) the subcritical graphitization 
of pearlite is the faster. 
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Fig. 32—Isothermal reaction curves showing per cent 
of pearlite converted to ferrite and graphite. Tem- 
perature in Centigrade. 


A metallographic study suggests that the cementite 
nearest graphite spherulites dissolves rather com- 
pletely before that more distant commences to dis- 
solve, which would indicate that the reaction is dif- 
fusion controlled and that the growth of ferrite shells 
should therefore be described by an equation similar 
to equation (2) of the previous section except for a 
new diffusion potential A’. 

Measurement of the growth of the ferrite shells 
around the graphite spherulites shows that if r? — 2r,r 
is plotted against ¢t, as in Fig. 34, the locus is a reason- 
ably straight line. The diffusion potential difference 
A’ derived from the slopes in Fig. 34 represents the 
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Alloying elements such as chromium, copper, and 
sulphur, profoundly affect the rate at which cementite 
decomposes to form graphite, whether in the gamma 
range or at subcritical temperatures. Table 2 is a 
summary of the effect of the more common alloying 
elements which may be found in cast irons. These 
effects are so important and often so surprising that 
a study of graphitization kinetics would hardly be 
complete without some speculation regarding their 
causes. 


TABLE 2—EFFECTS OF ALLOYING ELEMENTS ON 
STABILITY OF CEMENTITE 





Graphitizers 
Co, Ni, Cu, Si, and probably Pt, Pd, Ir 
Carbide Stabilizers 


Al, Cr, Mn, Mo, Sb, Sn, Ti, Zn, Bi, H, O, S, P, N 





Austin!® concluded that the orthorhombic cementite 
lattice is essentially one having metallic bonding be- 
tween the iron atoms, and resonance bonding between 
‘ach carbon atom and its six near-neighbor iron 
atoms. The resonance bond holding the carbon is 
inherently weak and would be further weakened by 
being stretched. Using this model of the cementite 
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Fig. 34—Plot of @ (r) versus 
200  s80% time for ferrite shells 
formed by isothermal de- 








6 composition of pearlite at 
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lattice, as shown schematically in Fig. 36a, an explana- 
tion of the mechanism underlying the effect of alloy- 
ing elements is suggested as follows: 
a. Atoms held by metallic bonding with iron: 
If such atoms enter the lattice, distending 
it presumably by furnishing more electrons in 
the metallic bonding system, the resonance 
bond holding the carbon is weakened by 
stretching and the cementite becomes less 
stable (Fig. 36b). Examples of such alloy 
atoms are cobalt and nickel. On the other 
hand, those atoms which enter the lattice caus- 
ing it to contract by virtue of reducing the 
number of electrons in the metallic bonding 
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Fig. 35—Corner of binary iron-carbon diagram with 
plot of diffusion potential values for decomposition 
of pearlite to ferrite and graphite. 
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Fig. 36—(A) Cementite lattice (schematic). (B) Effect 

of a substitutionally dissolved graphitizer. (C) Effect of 

a substitionally dissolved carbide stabilizer. (D) Effect 
of an interstitually dissolved carbide stabilizer. 


system, strengthen the carbon bonds and cause 
the cementite to become more stable (Fig. 
36c). Chromium is an example. 

b. Atoms which are not held by metallic bonding: 
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All such atoms which go into solid solution 
in cementite cause the cementite to become 
more stable, presumably by forming with the 
carbon some subsidiary bonding reinforcing 
the existing resonance bonding (Fig. 36d). 
Such elements as oxygen, sulphur, phosphorus, 
nitrogen, hydrogen, and boron are presumed 
to fall in this category. 

It should be emphasized that the foregoing to hy- 
pothesized on the basis of very scant evidence regard- 
ing the structure of alloyed cementite; many pre- 
cision studies of the lattice of cementite as affected by 
small amounts of alloying elements are desirable to 
check the hypothesis. A point in favor of the theory 
is that it fits most existing data on the effects of alloy- 
ing elements on the rate of graphitization. It also 
resolves the anomalous behavior of certain elements, 
such as aluminum, boron, and manganese which in 
small quantities act as graphitizers and in large quan- 
tities act as carbide stabilizers. Thus aluminum and 
boron act first to remove oxygen, a strong carbide 
stabilizer, and in doing so increase the rate of graphi- 
tization. As aluminum or boron is added in larger 
amounts, the intrinsic effect of these elements, both 
carbide stabilizers, begins to be felt, and with suffh- 
ciently high additions the effect is to increase the 
stability of the cementite and hence decrease the rate 
of graphitization. The action of manganese is un- 
doubtedly parallel, except that it combines with sul- 
phur instead of oxygen. It is almost certainly true 
that other “scavengers” such as Zr, Ce, Sr, perhaps Ti, 
and many others act the same way. 

Qualitatively the effects of alloying elements are in 
general the same in all the reactions by which graph- 
ite is formed, at least insofar as they have been 
studied. 
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DISCUSSION 


Chairman: R. Scunemewinp, University of Michigan, Ann 
Arbor. 

Co-Chairman: V. A. Crossy, Climax Molybdenum Co., De- 
troit. 

H. A. ScHwartz (Written Discussion):* The authors have 
chosen to present a study of an extremely large field in a some- 
what brief form. There are a considerable number of state- 
ments here and there in the authors’ paper given as factual with- 
out very much supporting data and which one can either take 
on the authors’ authority or leave. Such items are, of course, 
entirely beyond the possibility of discussion unless the discusset 
possesses original data in the same field. 

This discusser hardly agrees with Drs. Brown and Hawkes that 
their reaction V is the most important one in producing ferritic 
malleable iron, or indeed ferritic iron of any kind, by heat 
treatment. However, most commercial operations are designed 
to use reaction VI in the manufacture of malleable iron. Reac- 
tion VI is, therefore, of greater importance to that industry 
than the authors suggest. 

Reaction VII, although it should exist, is probably of very 
little consequence. 

The present commentator, perhaps for lack of enough experi- 
ence, does not attach the same confidence to following the de- 
position of graphite by metallographic means that the authors 
do. This is particularly true of nodules of the “flake aggregate” 
type as compared with the truly spherulitic ones. 

We, in this laboratory, have made some attempt to evaluate 
the precision of nodule counts in alloys of the malleable iron 
type. We have thus become convinced that it is necessary to 
count about 36 square millimeters of actual specimen area at a 
magnification of 100 diameters, to get an average result whose 
standard deviation is of the order of 5 per cent of the nodule 
number. Since we do not know how many fields the authors 
counted we can form no image of the degree of reproducibility 
of their results. The mere counting, without classification of 
size of so large an area is so laborious that we have, in general, 
adopted Saltykov’s generalization that the number of nodules 
per unit volume is 2.38 times the 1.6 power of the number per 
unit area. This, however, gives no information as to size distri- 
bution, 

One of the figures given by the authors shows the numerical 
distribution of the nodules in terms of particle size as a function 
of the time of heat treatment from 2 to 5 hr. If the nodules 
grow during this process it is, of course, reasonable that the 
longer the time the larger the maximum nodule size. 

The authors’ curves also show that small-sized nodules have 
disappeared as time goes on, at least to some extent. It would 
be rather interesting to see a plot correlating the frequency of 
occurrence with nodule volume, and hence determining the total 
volume of nodules as a function of time. Presumably this is the 
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basis for the curve showing an agreement between the authors’ 
data, Smith and Palmers, and the present discusser, as to the 
form of the graphitization curve. Can the authors give us from 
their original data of the frequency-nodule size curves, tlicir 
estimate of the total nodule number as time goes on? This is 
difficult to get from the published graph because of its logar- 
ithmic scale and the absence of cross ruling. 

The authors refer to the fact that this figure shows a “char- 
acteristic region” having a minimum at intermediate sizes. Of 
the four curves shown, the 4-hr ones show no obvious minimum 
nor does the 2-hr one. The 3-hr one shows one only because of 
the exceedingly high frequency of very small nodules. It be- 
comes a question whether this point is or is not reliable. There 
is nothing in this paper to permit the reader to form an inde- 
pendent judgment. The 5-hr curve shows a minimum which is 
not too strongly marked and the commentator himself would 
say that a smooth curve passing through all the points is more 
probable than a curve of simpler form curving steadily down- 
ward, 

In the figure correlating nodule number per unit volume 
with reaction time in hours with a separate curve for each of 
five heat treatments, the commentator finds himself in a similar 
state. The authors conclude that there is always a drop in 
nodule number although only two of five curves go far enough 
to show that drop. Here again it is a question of the reproduci- 
bility of results whether or not there is a maximum in these 
curves or whether it merely happens in some cases that the last 
point has been relatively low. 

As an indication of how far off these observations can get, 
attention is invited to curve H 905° at the 2-hr time limit (Fig. 
15). The fact that the number increases in earlier times may be 
real or may be merely that the number of visible nodules in- 
creases although the total number does not. 

The authors’ demonstration of the increase in nodule number 
with time is based on what happens originally in graphitization. 
We have rather repeatedly, in this laboratory, attempted to see 
if the nodules of malleable iron would be made to coalesce by 
reheating into the gamma range. We have never found this to 
be possible by studies of nodule number and size. The results 
of repeated experiments merely scatter so as to make them in- 
capable of useful interpretation. It is possible that the authors 
are justified in ignoring Bunin and Danil’chenko’s observation 
that the governing factor in graphitization may be the rate of 
self diffusion of iron atoms. 

In a very brief personal statement Drs. Brown and Hawkes 
told the writer that they had discussed this feature and rejected 
it. An expansion of the reason for this rejection, having in 
mind that the migratory path of carbon need not be the same 
in length as the migratory path of the iron atom, which has to 
go away in order to leave room for a graphite lattice to form, 
would be highly instructive. 

The two authors, in view of their connection with an institu- 
tion where diffusion problems have been so frequently studied, 
should be in an excellent position to enlighten us further in a 
field which seems to be perhaps somewhat complicated. 

The preceding discussion is, of course, based solely upon the 
evidence submitted in the published paper. It is quite possible 
that in the original doctorial thesis more substantiating data 
were available than were included here. If that is the case, 
then the present discussion is not a criticism of the correctness 
of the views expressed but of the material selected in support 
of these views. 

There is a single categorical statement in the paper which 
seems particularly glaring in this respect. It is stated that the 
authors’ reaction III is responsible “for the graphite in most 
mottled irons.” This seems to be a direct negation of Boyles’ 
classic work on the formation of primary graphite and is also 
contradicted to some extent by observation in the discusser’s 
laboratory that mottling tendency is related to the time of the 
so-called eutectic hold. 

It would be interesting if the authors gave their reasons for 
not accepting Boyles’ views with regard to the formation of 
graphite during freezing. 

Dr. Brown’s REPLY 

Mr. Brown (Authors’ Reply to Dr. Schwartz): Dr. Schwartz 
suggests that reaction V is of great importance in producing 
ferritic malleable iron. This is a point of some consequence, 
although more so to any consideration of future research than 
to the present paper. In the course of this investigation, speci- 
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nens of one commercial iron were quenched at various stages 
during a standard blackheart malleabilization anneal. It was 
observed in this experiment that the deposition of eutectoid 
cirbon took place exclusively by reaction V. It would be very 
useful to know just in how many cases this is true in industrial 
practice, and what the evidence is. In reading the literature on 
this point one should accept with reserve the conclusions from 
specimens which have been malleablized (partially or wholly), 
cooled to room temperature, and re-austenitized; for it has been 
shown that at least in some circumstances the transfer of carbon 
across the metal-graphite interface is profoundly affected by 
thermal history. 

In making a measurement of true size distribution of nodules 
by Schwartz's modification of the Scheil method, it was found 
necessary to measure the diameters of at least 300 nodules per 
specimen if they were good spheres and 1,000 or more per speci- 
men if they were not good approximations of spheres. Needless 
to say these measurements are tedious, and they rapidly depre- 
ciate if the metallography should be so poor that some of the 
graphite is pulled out. 

The total nodule number (above an arbitrary minimum size) 
as a function of reaction time is given in Fig. 15. 

Ihe thesis from which this paper was extracted contains 22 
size distribution curves. In these, 15 show minima, 4 show 
points of inflection, and 3 show only straight lines. Hence the 
generalizations about the characteristic region which is under- 
standably not convincing from the 4 curves available to Dr. 
Schwartz. 

The data in the paper on the total number of nodules per unit 
vol- as a function of reaction time (Fig. 15) were the results 
of incidental observations; perhaps they were more fragmentary 
than really to justify publication. The conclusion associated 
with them, however, to the effect that the total number of 
nodules does decrease after reaction is complete is based on 
three pieces of evidence: 

1. That the two curves extending well beyond completion of 
reaction show a convincing drop. 

2. That in the many specimens studied for other purposes it 
was observed that the myriad of extremely small nodules, at and 
below the minimum measurable size, decreases perceptibly in 
specimens held at gamma range reaction temperatures. 

3. Computations from the observations reported by McMillan* 
showed that out of 10 specimens studied for nodule counts 
after the gamma-range reaction was completed, 9 specimens 
showed a decrease in total number of nodules per unit volume, 
most of them as much as a tenfold decrease. 

If extended growth curves on completely isolated nodules were 
available, it might be possible to demonstrate from those data 
alone the role (or lack of role) of the self diffusion of iron in 
governing the reaction. In all the alloys studied, however, the 
rate of nucleation of interfering nodules was such that significant 
measurement of G for isolated nodules was not possible. If the 
rate of self diffusion of iron were governing, however, then one 
would find (1) that there would be no preference for the solu- 
tion of carbides nearer the graphite nodules, and (2) that there 
would be a preference for reaction near a free surface (in the 
absence of a structure or composition differential). Since these 
are not observed, it was concluded that although the self diffu- 
sion of iron is a participating phenomenon, it is not a con- 
trolling one. 

Nothing in the paper was intended to be in conflict with 
Boyles’ views on the formation of graphite during freezing. The 
phrase in question would perhaps be clearer if it read “some of 
the graphite in most mottled irons, namely graphite in that 
part of the mottled zone adjacent to the clear chill.” Such 
graphite is frequently A. S. T. M. type D which, as shown by the 
work of Eash and of Morrogh and Williams, forms by decom- 
position of cementite. This decomposition may be very fast 
and may take place before all the eutectic has solidified. 

J. E. Renper:* A paper of this type is a little difficult to 
discuss. The field covered by the paper is very large. Although 
a great deal of work has been done in the past, I think that 
the condition of our knowledge can be described as a state of 


*W. D. McMillan, ‘‘The Effect of Composition on the Annealing of White 
Cast Iron.”’ A. F. A. Transactions, vol. 50, p. 30 (1942). 

2 Foundry Engineer, Bureau of Mines & Technical Surveys, Ottawa, 
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ignorance rather than a state of knowledge as far as graphitiza- 
tion is concerned. 

Dr. Brown has made what I think is a worthwhile attempt to 
contribute something to it. There are a few points, I think, 
where I may have slight differences of opinion and some ques- 
tions I would like to ask. I noticed that Dr. Brown based a 
considerable amount of the work on growth of nodules and in 
doing so, chose the size of the largest nodule as a criterion. In 
our laboratories we have had the opportunity of measuring 
large numbers of nodules in nodular iron, counting and meas- 
uring nodules as they appear in the microstructure and then 
separating the nodules and recounting and remeasuring the 
diameters. The important point is that there is no one particu- 
lar size, the sizes of nodules being a frequency distribution that 
may be flat or sharp, depending on the conditions of manufac- 
ture, which does not lend much support to the use of the 
largest-appearing nodule as a criterion. 

Considerable weight is given by Dr. Brown to diffusion con- 
siderations. I think we are all agreed that diffusion plays a 
major part in graphitization phenomena, but some puzzling 
evidence exists. If a partially annealed white iron is examined 
metallographically, it is not difficult to find instances where small 
pieces of undecomposed carbide extend from the matrix into 
the side or interior of a graphite temper carbon nodule. If 
diffusion of carbon were a controlling factor, this would seem 
to be impossible; therefore, some other factor must be operating. 

There is another point. It is a common idea that the rate of 
graphitization is related more or less to nodule counts. There 
is no question that there is a relation of some sort but I am 
reasonably well satisfied at the moment that it is not a simple, 
direct one. If a white cast iron is quenched from above the 
critical temperature range before annealing, the annealing rate 
in the first stage is increased by a factor of two to five times, 
and the nodule count and surface area of graphite are increased 
by about 100 and 10 times respectively. However in the second 
stage of anneal the annealing rate is increased about 100 times, 
with only a very broad correlation with nodule count. 

I think Dr. Brown justifiably used the word “speculation” in 
the last part of the paper, dealing with the functions of the 
alloying elements. It is noted that silicon was considered as a 
graphitizing agent only because of its neutralization of a sup- 
posed carbide stabilizing effect of oxygen. Even if oxygen is a 
carbide stabilizer, it is fantastic to think that a few hundredths 
of a per cent of oxygen requires 1 to 2 per cent of silicon to 
neutralize it in the form of SiO,. Furthermore, I have yet to 
see a quantitative and verifiable demonstration of oxygen as 
such as a carbide stabilizer. 

T. E. Eacan:* In the first reaction shown, Dr. Brown stated 
that austenite decomposed into ferrite and graphite. In your 
statement did you say that Type D graphite was formed at that 
point? 

Dr. Brown: No. 

Mr. Eacan: I thought that the graphite was formed just be- 
fore the iron became solid. 

I have seen the TTT curve for nodular iron that Dr, Brown 
included in the paper. It is about the first one we have seen. 
We tried to duplicate it using larger pieces and various nickel 
contents, and the curves that we get confirmed Dr. Brown’s 
curves so well that we did not even publish them. There may 
be a little shift, one from the other. 

Dr. Brown: Distribution measurements were made on all 
these irons and typical examples of size distribution in various 
stages of reaction are shown in Figs. 14 and 16. 

It is quite true and a very important consideration that some 
nodules are large and some are small. Presumably the very 
largest ones—that is, the ones representative of the largest nod- 
ules in each specimen—were the ones nucleated first, and that 
is why they do give a true growth curve for the largest nodules. 

Figure 14 is the type of size distribution curve we get where 
the frequency is plotted to the left and nodular size is plotted 
to the right. The numbers of those curves refer to reaction time 
in hours. As Dr. Schwartz says, the number of small nodules 
goes up very rapidly (note this is log scale); you will appreciate 
that eventually, when you get down to small enough sizes, you 
can have a number so large that counting eventually becomes 
impossible. Both Dr. Schwartz and Mr. Rehder are presumably 
entering your exceptions without benefit of reading the paper 
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which shows those distribution curves. 

I think I may have somewhat undersold my opinion c. ee 
validity of the explanation for the effect of alloying elements on 
graphitization. We have much data and sound information on 
the location of alloying elements in cementite—not nearly as 
much as we would like to have—but this explanation was not 
drawn completely out of thin air. 

The question of silicon arises. It has been rather definitely 
shown by Hulgren and by Owen (Journal of the Iron and Steel 
Institute, vol. 167, p. 117, 1951) that silicon is not located in 
cementite. I believe there is a good chance it may be written off 
as a deoxidizer. The evidence to support the idea that oxygen 
is a carbide stabilizer is not clean-cut, but it is extensive and 
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hard to rationalize any other way. It would be well to have 
some direct confirmation. 

I believe another statement was misunderstood, in which it 
was said that the analysis of our data showed that the first-st..ge 
reaction is not diffusion controlled, but that the second-stage 
reaction is diffusion-controlled. That is a rather interesting bit 
of evidence that Mr. Rehder presents in discussing this, where 
he points out that the change in graphitization time is an order 
of magnitude different in second stage from first stage. 

In the master reaction curve of Fig. 18, the length of a log 
cycle is labeled in hours. This could also represent a log cycle 
in any other (linear) time units, as for example the span from 
1 to 10 min, or from 100 to 1000 sec. 
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ILL EFFECTS AND USEFULNESS OF GASES 
IN METALLURGY 


E. 


ABSTRACT 

ifter discussing briefly the theory of gas absorption in metals, 
the ill effects of gases like hydrogen and nitrogen are reported. 

Inert gas flushing is a good method for removing dissolved 
hydrogen in molten metals. However, the technique used up 
to now can be improved. 

The author has built a type of ladle in which gases can be 
introduced through a porous refractory material. This ladle 
can be used not only for degassing by inert gas flushing, but 
also for other metallurgical treatments when mechanical agi- 
tation is desired. 

This process seems to offer possibilities for new applications 
of gases in metallurgy. 

THE THEORY OF ABSORPTION OF GASES in metals 
is now well established. The general principles of it 
will facilitate the understanding of the rest of this 
paper. We shall discuss a gas which is considered 
detrimental in most common metals, i.e., hydrogen. 
We will also discuss nitrogen, which can be undesir- 
able, but on the other hand, sometimes also quite 
useful. Finally, we shall discuss how gases can be 
used successfully in bringing improvement in metals 
with the help of a new technique. These new possible 
uses of gases is what we have called “Gasometallurgy.”’ 


I—Absorption of Gases in Metals 


The mechanism by which gases are absorbed by 
metals, has been divided by physicists in three main 
processes: adsorption, diffusion, solution. 

Adsorption is the combination or condensation of 
gases at the surface of solid or liquid metals. Gases are 
adsorbed before being absorbed! In certain cases, the 
volume of gas adsorbed by the surface of metals is 
quite large. To give you an example, we could quote 
this: a French scientist, Mr. Chaudron, has discovered 
sometime ago that, by cathodic bombardment, he 
could extract about 200 cc of gas from 100 grams of a 
flat aluminum sample, and only 20 cc by vacuum 
fusion after cathodic bombardment. Most of the 200 
cc of gas were gases adsorbed on the surface and not 
really adsorbed by the sample. Adsorption phenomena 
are quite complex and have been studied thoroughly. 
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After being adsorbed on surface, gases travel 
through metal by diffusion. 


Solution of Gases in Metals 


Adsorption and diffusion are secondary phenomena. 
If gases were only adsorbed on the surface of metals, 
or diffused through, the problem would be rather 
simple. 

The complication arises from the fact that certain 
gases can actually go into solution in metals. They 
behave as alloying elements. 

There are two ways of studying the solubility of 
gases in metals: 

1. Solubility versus temperature at constant pres- 
sure. 

2. Solubility versus pressure at constant tempera- 
ture. 


Solubility of Gases vs Temperature at Constant Pressure 


Figure | represents schematically the apparatus used 
by the German metallurgist Sieverts who, around 
1900, did remarkable work.! 
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Fig. 1—Apparatus used by Sieverts for the study of gas 
absorption in metals. 


Figure 2 shows three different types of gas solu- 
bility curves in metals. Curve A (Fig. 2) shows the 
case where, at the melting point, there is a sudden 
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Fig. 2—Typical curves of gas solubility in metals vs. 
temperature at constant pressure. 


increase of solubility. Curve B (Fig. 2) shows the 
case where there are two breaks in the solubility 
curve. One at an allotropic transformation point “t,” 
one at the melting point “m.” Curve C (Fig. 2) shows 
the case where the solubility curve shows no discon- 
tinuity. 

Figure 3 shows the variation of hydrogen absorption 
in nickel, aluminum and copper with temperature. 
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Fig. 3—Variation of the solubility of hydrogen in Ni, 
Cu, and Al at 1 atm pressure vs. temperature. 


Figure 4 shows the variation of nitrogen and hy- 
drogen absorption in iron with temperature. 
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Fig. 4—Variation of nitrogen and hydrogen solubility 
in iron vs. temperature at one atmosphere pressure. 


Solubility of Gases vs Pressure at Constant Temperature 


Sieverts found an interesting fact which is now 
known as Sieverts’ law. 
S = KVP 
The solubility, S$, of biatomic gases in metal is pro- 
portional to the square root of the pressure, P, A 
being a constant which varies with temperature. 
Figure 5 shows in the case of hydrogen and various 
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Fig. 5—Variation of hydrogen solubility vs. pressure 
in Ni, Fe, Ag, Co at constant temperature. 
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metals the actual variation of § versus the square root 
of pressure. It is a straight line. 

An important consequence of Sieverts’ law is the 
following: suppose we have, in a crucible, 1000 lb of 
pure molten copper at 1100 C in the presence of pure 
hydrogen at atmospheric pressure. This copper will 
have dissolved around | cu ft of hydrogen. 

Suppose now, instead of pure hydrogen, we have a 
mixture containing only 10 per cent hydrogen and 
90 per cent of an inert gas. The actual pressure of 
hydrogen above the copper will be 1/10 of an at- 
mosphere. The quantity of hydrogen in solution will 
now be proportional to: 

nS I 

———— 

V 10 3.16 
This is roughly, one third of a cubic foot, still an 
appreciable quantity. 


>= & 


Ill Effects of Gasses in Metals 


In metal making and at metal melting tempera- 
tures, the number of gases which we have to deal 
with is rather limited. 

First of all, we have oxygen. Then, we have the 
products of combustion CO, CO,, which are never 
detrimental normally, and water vapor which is usu- 
ally dissociated; hydrogen which can come from water, 
from hydrocarbons, from ferro-alloys, and finally ni- 
trogen from the air. 

The completely undesirable element in metals is 
hydrogen followed at 4 fair distance by nitrogen who 
redeems itself by certain good points. 

These ill effects of gases have been studied exten- 
sively for the last 50 years. We should, however, men- 
tion that the various papers of Sims and Zapffe pub- 
lished in the last decade have been our main source 
of information. The work of these two metallurgists 
is particularly remarkable in this field.?:+-+.6 


Influence of Hydrogen in Metals 


It is probably only during the last 15 years that it 
has been recognized how bad hydrogen was. One of 
the reasons is that hydrogen analysis in metals is dif- 
ficult. It is a matter of a few cubic centimeters per 
hundred grams, and that does not weigh very much. 

Twenty years ago, oxygen was considered detri- 
mental. Everybody was concerned about oxygen anal- 
ysis in metal, especially in steel. We think that at 
that time, piping pure oxygen in a steel bath would 
not have been accepted. Now, it is standard practice. 

Coming back to hydrogen, you must know that it 
is undesirable in most of the common metals like 
iron and steels, copper and its alloys, for two reasons: 

1. Its solubility varies a great deal with tempera- 
ture, and suddenly. 

2. It does not form hydrides easily. 

Take oxygen, or even nitrogen. You have in molten 
metals the formation of oxides, even of nitrides, that 
separate out. You do not have that in the case of 
hydrogen. 

Sources of Hydrogen 


The origin of hydrogen in molten metals is usually 
water vapor. This water exists everywhere: 
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—Water of crystallization 

—Water in the refractories, the fluxes, the fuels 

—Water in the products of combustion 

—Water in the air. 

Even a fairly large amount of hydrogen can exist in 
ferro-alloys like ferromanganese or ferrosilicon.® 

Bardenheuer has pointed out that there is a great 
amount of water contained in rust: | per cent addi- 
tion of rust to a 10-ton bath of steel introduces about 
900 cu ft of hydrogen, measured under standard con- 
ditions (20 times the volume of metal). 

At the temperature of molten metals, H,O is dis- 
sociated in hydrogen and oxygen according to the 
equation: 

2 H.O = 2H. 4+ O, 
This reversible reaction is governed by the law of 
Mass Action. 


Example: In a closed vessel evacuated from air, 
suppose we have molten electrolytic iron held at a 
constant temperature. Suppose now, that we intro- 
duce in this vessel a small quantity of water. It will 
immediately be transformed into water vapor. If the 
iron was beforehand very oxidized, the oxygen 
formed in the above reaction will not be able to com- 
bine with it; accordingly, the reaction will not pro- 
ceed very much to the right, and very little H, will 
be liberated to go in solution in the iron. 

If, on the other hand, the iron were not oxidized at 
all, as soon as the O, from the water is available, it 
will combine with the metal; more water will decom- 
pose with the result that more and more hydrogen 
will be available and go in solution into the metal, 
and cause troubles at the solidification. 

The practical result of this is important. The 
more deoxidized a metal is, the more prone it is to 
absorb hydrogen from water decomposition. 

This is true of many common metals. It is why the 
handling of metals is especially dificult when they 
are ready to pour, ie., fully deoxidized, and also 
why metals are usually melted in oxidizing conditions 
to avoid hydrogen absorption. 


Influence of Dissolved Hydrogen on Solidification 


If the solidification of ingots were taking place 
slowly, there would be no problem. In practice, it is 
different. During the cooling cycle, there is a pro- 
gressive increase in the concentration of hydrogen in 
the core that solidifies last, up to a point, where there 
may be a sudden expulsion of this gas which will 
either expel what remains of molten metal, or form 
blowholes. 

It is mainly in the case of ferrous alloy ingots that 
a late exudation of liquid metal, called bleeding or 
rising, is taking place, due to the vertical drop of 
solubility of hydrogen (not to be confused with the 
carbon-oxygen reaction of rimmed steel). 

In the case of non-ferrous metals, the separation of 
hydrogen will produce unsoundness in the form of 
blowholes or pinhole porosity. 


Influence of Hydrogen on Solid Steel 


For many years, a good explanation has not been 
given for shatter cracks or flakes. In 1935, a German 
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metallurgist, Houdremont, discovered the conditions 
under which flaking occurs which led to the discovery 
that hydrogen was really responsible for it. 

We can put it this way: if during cooling the con- 
centration of hydrogen has not been sufficient to 
produce rising or bleeding, there may be enough gas 
remaining in the metal to separate out in the solid 
state. This remaining hydrogen will produce locally 
tremendous inside pressure exceeding the ultimate 
strength of the metal, and will actually disrupt it 
internally on certain spots. Shatter cracks or flakes, 
or fish-eyes have a white appearance on a fractured 
piece of steel. 

Zapfle and Sims have explained a lew years ago 
why these flakes appear bright in contrast to the 
surrounding silky grains, by the fact that during the 
rupture of the specimen there is no deformation of 
the grains along the faces of the cracks, while on the 
contrary, the surrounding grains are plastically de- 
formed. 

In order to avoid shatter cracks in forging, slow 
cooling after annealing is recommended to allow slow 
diffusion of hydrogen out of the metal. However, 
the larger the section the less efficient this treatment 
is. The latter is used for certain types of steel forg- 
ings and also for rails. The first thing to do is either 
to avoid hydrogen absorption in the liquid metal or 
to remove it just before pouring. How this can be 
done efficiently will be discussed later. 


The Nitrogen Story 


In aluminum and copper alloys, nitrogen is almost 
completely unreactive. In liquid iron and steel it is 
different. As shown previously (Fig. 4), the solu- 
bility curve of nitrogen in iron is similar to the solu- 
bility curve of hydrogen. Consequently, if liquid 
steel contains too much nitrogen which is not taken 
care of by some nitrides forming elements at the sol- 
idification, blowholes and bleeding can appear easily. 
We have made this observation several times. How- 
ever, in cast iron, we did not find the same tendency. 

In solid steel, a minute amount of nitrogen is re- 
sponsible for strain aging which is a definite increase 
of hardness of cold worked material like low carbon 
steel after a period of storage at room temperature. 

The rock-candy type of fracture is also attributed 
to nitrogen.?- However, nitrogen is not always an un- 
desirable element. It is being used now in certain 
type of low carbon steel to increase its hardness.’ It 
is also used in various types of corrosion resistant 
chromium steels with the following results: 

—Increase in hardness and strength with no reduc- 

tion in elongation and toughness. 

—Decrease in grain size. 

—Increase in resistance to grain growth at elevated 

temperature. 

The mechanism of these improvements is only hy- 
pothetical. It is probably due to the formation of 
chromium nitrides or iron-chromium nitrides. These 
nitrides are readily soluble in steel at high tempera- 
ture and act similarly to carbon.® 


1l—Usefulness of Gases 


Surprising enough, it is possible to eliminate, at 
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least partially, the influence of gases like hydrogen 
in liquid metals by a rather simple procedure called 
“flushing.” It consists in bubbling through the molten 
metal, another gas preferably inert. As the bubbles 
pass through the melt, hydrogen evaporates into them 
and is carried away just as water evaporates in atmos- 
phere when the humidity is low. Eastwood in his 
book!’ said: “the function of the bubbles is mercly 
to provide a melt surface to carry the released gas 
out of the melt.” 

In order to go into more details, suppose for a 
moment that you have a single bubble of argon in- 
side your molten metal containing a certain amount 
of dissolved gases and especially hydrogen. The hydro- 
gen existing in the neighborhood of this bubble dif- 
fuses through the metal at high temperature rapidly, 
will be adsorbed at the outside surface of the bubble 
and penetrate inside of it until its partial pressure, 
in the bubble, is in equilibrium with its partial pres- 
sure in solution. However, as said before, the partial 
pressure of the gas in the metal decreases according 
to Sieverts’ law; consequently, at constant tempera- 
ture, the next bubble will take out less gas than the 
first one and so on. However, if during the flushing 
operation there is an appreciable temperature drop, 
the amount of hydrogen removed by each bubble 
may remain constant and even increase. 

In other words, at constant temperature the amount 
of hydrogen removed by flushing with an inert gas 
is bound to decrease as a geometrical progression; at 
continuously decreasing temperature, the conditions 
are quite different due to the decrease of hydrogen 
solubility with temperature. You can obtain a good 
result in the flushing operation only if you expel 
more hydrogen molecules than the number that is 
coming in. It is a kind of race between the degass- 
ing due to flushing and the gassing due to outside 
influence. This possibility, we think, has not always 
been taken into consideration too seriously. 

The flushing technique, as a matter of fact, is not 
new. 

The carbon boil is nothing else than flushing out 
hydrogen from a bath of steel with CO. 

However, using gases other than CO formed by a 
chemical reaction, is relatively new. 

Tullis did the first work in aluminum alloys in 
192818 and Allen in copper in 1930.'+ 

Swinden and Stevenson," in the early 30’s used ar- 
gon in steel. Their striking results have been repro- 
duced in numerous papers. Since then, a number of 
other metallurgists have been working along the same 
line, and among them the names of Baker and Child,"* 
A. J. Phillips,’*, Bever,'7, Boak and _ Allen," 
Hulme,'-2%*! Kurzinski,22. Crockett, Fselgroth,”* 
Geller,?> Baer and Loring,?* Grand,?7 should be men- 
tioned. 

Flushing is being used now, to a certain extent, 
perhaps more in the non-ferrous than in the ferrous 
field, because the technique is simpler. Many gases 
can be used provided they are not contaminated by 
hydrogen or water vapor. Dry nitrogen is suitable 
for copper and aluminum alloys, chlorine for mag- 
nesium alloys; argon and helium for ferrous metals. 
Dry air can be used also in certain cases provided the 
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presence of oxygen and nitrogen is not objectionable. 
The type of gas used and its composition may have a 
great influence on the results of the degassing treat- 
ment. 


Influence of Size of Bubbles on Efficiency 


The diffusion of H., out of the bath, is of course 
proportional to: 

a. Total surface of gas bubbles used for flushing. 

b. Time of contact of these bubbles with the metal 

to be degassed. 

It is easy to demonstrate that for a same flow of 
the flushing gas, the total surface of the bubbles is 
inversely proportional to their diameter. The smaller 
the bubbles, the larger the total surface. 

In order to flush a metal efficiently, you must divide 
the gas as much as you possibly can. 


Battelle Memorial Institute Work 


In 1946, an extensive research was started at Bat- 
telle Memorial Institute, sponsored by the Air Reduc- 
tion Co. This work conducted by Sims, was pub- 
lished,!! and is extremely interesting, because it gives 
quantitative data on the influence of flushing, in de- 
gassing steel with inert gases. 
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The Battelle Memorial Institute was well equipped 
to do this type of work, having at hand an elaborate 
set-up for hydrogen analysis. 

Figure 6 represents some of the results of this author 
which are for us of fundamental importance. Sims 
has proven by actual quantitative analysis that the 
hydrogen content of a steel can be reduced appreci- 
ably by flushing with argon. 

Sims also proved that shatter cracks obtained by 
artificially increasing the amount of the hydrogen in 
an SAE 4330 steel 3-in. billet can be prevented by 
flushing the molten metal to lower the hydrogen con- 
tent below a critical value. 


11l—Injecting Gases in Metals 


After carefully studying most of the papers pub- 
lished on this subject, we noticed that no satisfactory 
technique has been found for injection of the flush- 
ing gas into molten metals. 

Almost everybody was using a pipe protected or 
not with a refractory coating. Some have closed the 
end and drilled small holes in it; some have used a 
porous graphite plug at the end of a graphite tube, 
which is certainly an improvement but not a simple 
device to use in a large bath of metal. 

None of these methods are really practical for 
various reasons, especially when treating steel. 

We think that in order to achieve the maximum 
removal of hydrogen in a molten bath of metal, the 
following rules should be observed closely: 

1. The degassing operation should be made with a 
finely divided gas. 

2. Degassing should be made immediately before 
pouring into the molds, preferably in a ladle and 
certainly not in the furnace. 

3. Degassing will be more efficient if, during the 
operation, the metal is cooling down because the 
solubility of hydrogen is decreasing. 

4. It is when metals are deoxidized that they 
should be subjected to a degassing operation because 
their sensitivity to hydrogen absorption is maximum. 

We believe that it is because a good method for 
flushing metals was not available that this process, 
now known for over 20 years, has not been applied 
more generally. Many have tried it, but not doing it 
at the right time and at the right place, the results 
were inconclusive. 

Thinking it over, we came to the conclusion that 
if it were feasible to degas metals in the pouring 
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Fig. 7—Various types of ladles with porous refractory 
plug for gas injection into molten metals. 
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ladle by introducing the flushing gas through the re- 
fractory bottom of this ladle, we would have the best 
possible conditions. 

We designed such a ladle represented in Fig. 7, as 
it has appeared in our patent applications covering 
this new process of injecting gases in metals. We call 
this process the “gasal” process. 

Not knowing too much about refractories, we were 
greatly helped by the Canadian Bureau of Mines in 
Ottawa, to whom we want to express our gratitude 
for the facilities offered to us for our work. 


Dispersion of Gas by Porous Refractory 


To show you how different the diffusion of a gas 
can be when injected in a liquid through a tube or 
through a refractory, we made the experiment in a 
tank of water as represented in Fig. 8. It can be 
seen that the reduction of the size of the bubbles is 
important. Consequently, for the same flow, the 
total surface of the bubbles, which is what counts, is 
increased tremendously. 





Fig. 8—Experiment showing how different in sizes gas 
bubbles can be if injected on a liquid through a tube 
or a porous refractory medium. 


The refractory plug used now is completely im- 
pervious to metals although, as shown in Fig. 9, fairly 
large flow of gas for its size can pass through it. It is 
334 in. in diam at one end, 5 in. in diam at the other 
end and 314 in. thick. 


Other Applications of the Process 


We soon realized that this type of ladle had other 
applications due to the fact that with a fairly small 
flow of gas, any type of boil was obtainable. It must 
be remembered that at the temperature of molten 
steel, the volume of any gas introduced in the metal 
increases around seven times by thermal expansion. 

The list of some of these applications is given be- 
low: 

1. Degassing. 

2. Treat chemically a molten metal with an active 
gas. 

3. Agitate a molten metal with an inert gas in 
contact with a specially prepared slag. 

4. Agitate a molten metal with an inert gas in 
order to activate the solution of ferro-alloy additions. 
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Fig. 9—Variation of the flow of air passing at room 
temperature through a porous refractory plug with 
increasing pressure. 


5. Homogenize chemically and thermally a heat of 
metal. 

One can also introduce various gases in succession. 

All these possible treatments constitute the new 
field which we have called “Gasometallurgy,” entirely 
open to new researches. 


Applications of Gasal Process 


1. Cooling Effect of Flushing Gas—Injection of gas 
through a porous refractory medium does not increase 
the cooling speed of metal. To prove this, 300 Ib of 
iron were treated in our ladle and the cooling cycle 
recorded with a thermocouple. The rate of drop of 
temperature is shown in the following table. 





Experimental conditions Rate of drop in 


Temperature 


remperature 
at start, F 


2440 No gas flow 21.5° F/min 
2510 No gas flow 24.5° F/min 
2460 Impure argon 10 liters/min 21.5° F/min 
2460 Pure argon 10 liters/min 19.0° F/min 





There is no noticeable difference in the cooling 
speed of this amount of metal with or without gas 
injection. Of course, in a larger ladle, the conditions 
may be different because the metal will normally cool 
much slower. 

2. Degassing Aluminum Alloys—Several heats of 4.5 
per cent copper aluminum were degassed by flushing 
with various gases, especially argon or nitrogen, either 
with a l4-in. diam tube or in the ladle herein dis- 
cussed. 

About 40 lb of metal were melted in a gas-fired 
furnace and loaded with hydrogen with wet lime 
pushed under the surface with a plunger. 

We found that the speed of degassing was in favor 
of our porous ladle as shown on Fig. 10 which plots 
density versus flushing time. 

3. Degassing Copper Alloys—Similar tests were con- 
ducted on a B-61 alloy containing (in percentage) : 
Cu—88, Zn—4, Sn—6, Ni—1, Pb—1. 








> PA PAS BA 


of 


ca 
ga 
Wi 
ni 


pa 
ali 
(). 
an 


tro 
he; 








e 
yf 





E. SPIRE 





One heat was cut in half, one portion of it being 
submitted to a degassing treatment in our ladle for 
2144 min while the other portion was not treated. 
Both portions were cast into keel blocks at the same 
temperature. 

The following results, which are typical, were ob- 





tained: 
' 
No.of Ultimate, Yield, Elonga- Density Treatment 
sample psi psi tion, % 
286 42,500 18,625 35.5 8.78 No degassing 
284 42,875 20,500 37.5 8.79 No degassing 
287 43,000 18,125 57.5 8.89 Degassing 
285 44,750 18,000 65. 8.89 Degassing 





There is a remarkable improvement in the ductility 
of this alloy due to the efficient method of degassing. 
The grain size was much smaller too. 

4. Degassing Ferrous Alloys—Applied on several oc- 
casions on various heats of carbon steel or iron, the 
gasal process was always successful provided argon 
was used and not nitrogen. We found that when 
nitrogen was used the metal was full of blowholes. 
The nitrogen pickup was quite noticeable. In one 
particular instance of heats having the following an- 
alysis (in per cent): C, 0.75; S, 0.75; Mn, 0.40; P, 
0.030; S, 0.050, the oxygen and nitrogen content were 
analysed by the U. S. Bureau of Standards. 

The following table gives the results: 





Test No. Sample No. oO, Ng 
% Weght. % Weght. 
M 7-1 221 0.0031 0.020 
222 0.0089 0.020 
M 8-1 225 0.0028 0.022 
226 0.0018 0.019 
M 9-1 231 0.0048 0.019 
232 0.0055 0.028 





This seems to prove that the abnormally high ni- 
trogen content is responsible for the gassiness of these 
heats. 
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Fig. 10—Variation of density 
of aluminum alloy contain- 
ing 4.5 per cent Cu vs. flush- 
ing time using either a tube 
or a porous bottom ladle. 





5. Desulphurization of Steel—As we have mentioned 
before, this process can be used also outside of de- 
gassing, to other operations due to the fact that it can 
induce any desirable agitation to a bath of molten 
metal. But these applications are interesting only if 
they are obtainable in an industrial-size heat. We have 
not yet results to present, as tests in a 5-ton ladle have 
just started. However, we have run a number of ex- 
perimental tests in our 500-lb capacity ladle to see if 
by agitation of a melt of steel in contact with a slag, 
desulphurization could be obtained and to what ex- 
tent, 

Figure 11 shows the general procedure followed. 
The prepared slag is placed in the preheated ladle 
and the molten metal poured into it. Although the 
ladle is lined with acid refractory bricks and the 
slag is highly basic, a noticeable sulphur drop can 
be obtained in a short period of time. Figure 12 gives 
some typical results obtained in medium-carbon steels. 
The time of treatment was limited in all our tests be- 
cause only 350 lb of metal at the most could be pro- 
cessed in the ladle. 

Using a weight of slag which is only 2 per cent of 
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Fig. 11—Schematic layout used for desulphurizing steel 
by agitation of the metal and slag interface with an 
inert gas injected through a porous refractory plug. 
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Fig. 12—Results obtained in desulphurizing medium 
carbon heats by the gasal process. 


the weight of the metal, it is of interest to be able to 
lower 20 to 30 points the sulphur content of a steel 
in less than 4 minutes. Furthermore, the metal is well 
degassed by this treatment and the non-metallic in- 
clusions finely dispersed. 


Plug Assembly in the Ladle 


The actual pressure of metal against the plug is 
small. For instance, in a 5-ton ladle, the height of 
steel is about 3 ft. As the cross-sectional area of the 
plug is only 10 sq in., the total pressure on it is about 
105 lb. For a 20-ton ladle, according to the width of 
it, the total pressure is less than 200 Ib. There is no 
problem to design a plug holder capable of with- 
standing this pressure with complete safety. 


Conclusions 


1. Of all common gases available, hydrogen due to 
its great variation in solubility with temperature is an 
undesirable element in most industrial metals. 

2. Flushing to remove hydrogen dissolved in metals 
is an interesting process, provided this treatment is 
applied at the right place and at the right time. 

3. A pouring ladle has been developed in which 
gases can be introduced into molten metals through 
a porous refractory medium. This ladle constitutes a 
tool for a number of metallurgical treatment, because 
it is simple, efficient and inexpensive. This tool, which 
is in the development stage, offers possiblities and new 
uses of gases in metallurgy. 
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Chicago. 

Cc. A. Faist:' What hydrogen level is considered detrimental 
in a steel? From what material is that porous plug made? 

Mr. Srtre: The hydrogen level which would be detrimental 
to steel would be approximately 0.3. If you have nickel you can 
go up to 0.4 or 0.5. We have been using mostly basic material 
for the plugs. 

Wa. HArsrecut: * Did the author find that hydrogen lowered 
the carbon content? Is this a killed steel the author was working 
with? 

Mr. Spire: The carbon content was not lowered. We have 
been using killed steel. 

J. R. GotpsmirH: * What effect did the various sizes of bubbles 
have as they were admitted? We have tried similar experiments 
and I think our failure was that our bubbles were too large. 
Was the author able to control bubble size to get better scrub- 
bing? 

Mr. Spire: It is desirable to have as fine bubbles as possible. 
The reason why the bubbles increase in size is that the tempera- 
ture is increased. The gas comes out of the bottle and when it 
enters the metal it heats up and the volume increases. Due to 
the fact that the porous refractory is hot, the gas is heated as 
it passes through, so there is less chance of having the volume 
increased due to temperature. 

J. A. Rassenross: * I am interested in getting more informa- 
tion on this desulphurizing operation. The author used an 
amount of flux or slag equivalent to 2 per cent of the weight of 
the metal. I would like to know what that flux is and whether 
it was at room or elevated temperature when it went into the 
ladle 

Mr. Spire: We have been experimenting with various fluxes. 
We have been using fluxes up to 75 per cent lime with fluorspar 
and even titanium oxide. We want a high basicity. The higher 
the basicity and the lower the FeO content, the better. The 
fluxes were in powder form, premixed and preheated, preferably. 
We preheated the flux to about 1000 C and placed it in the ladle. 
In about 114 min the flux was molten and started reacting. In 
certain cases the flux was even semi-solid and still active, which 
is rather surprising, but it is a fact. 

The ijadle was acid lined and we did not want to have a flux 
too fluid to avoid introduction of silicon dioxide. We did get 
some, however. 

Mr. RASSENFOss: I presume you had something to keep the 
acid slag from getting into the ladle? 

Mr. Spire: We have not done that yet. In these experiments 
we had a melt of 500 lb and in the heats we are about to run 
we will get rid of the acid slag one way or another. 

Mr. RASsENFOsS: You have not really made these desulphuriz- 
ing experiments with this large ladle? 

Mr. Spire: No. 

MemsBeR: The author told of an interesting way to remove 
hydrogen from steel. He also mentioned that people have been 
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doing this for a long time by causing oxygen to go through the 
metal and absorb the hydrogen. Are there any particular kinds 
of steel where he thinks flushing argon gas would be preferable 
to using oxygen in the more usual way? 

Mr. Spire: It resolves itself into a question of when you do it. 
Oxygen is all right in the furnace, but when your metal is in 
the ladle and ready to pour you could not use oxygen very well 
So what is practical about the way we do it is that you can do 
it while you carry your ladle from the furnace to the pouring 
platform. That is why it is interesting, and it is something dif- 
ferent from the use of oxygen while it is in the furnace. 

As far as the type of steei which should be more interesting 
to degas I would mention the high-alloy type. You do not have 
to worry much about the hydrogen when your steel is well made. 
If you just melt down and do not boil the metal, you may use 
hydrogen. 

On some of the analyses we have seen, the nitrogen gas 
should never be introduced because of nitride formation. Prob 
ably if you could denitrogenate the metal you may be able to 
add less aluminum because you take away the nitrogen before 
you take away the aluminum, so that is something else to con- 
sider. 

J. B. Carne: * I would like to ask the author a question re- 
garding sulphur removal. Has he checked for sulphur reversion, 
in relation to time in his acid-lined ladle? 

Mr. Spire: We have been aware of sulphur reversion so we 
slagged off before pouring because if the silicon dioxide increases 
the sulphur may revert. The thing to do is to get rid of the slag 
before pouring your casting, if you can do that, or thicken it up 
with some slag-forming material which would not be detrimental 
to sulphur removal. 

Mr. Caine: Is there a temperature loss during the gas bub- 
bling and the slagging off? 

Mr. Spire: The temperature must be constant all the time. 

Mr. Caine: What gas did the author use when desulphur- 
izing? 

Mr. Srire: Argon. 

J. M. Crockett: * [ would like to emphasize that by develop- 
ing the porous plug method of ladle agitation, Mr. Spire has 
provided a positive means of obtaining good agitation and gas- 
metal contact independent of chemical reactions. This technique 
should be investigated by foundries having melting or refining 
problems involving elimination of dissolved gas, promotion of 
faster slag metal reactions, or floating out nonmetallics. 


1 Research Metallurgist, Burnside Steel Foundry Co., Chicago. 

2 Research Laboratory, Electro Metallurgical Co., Niagara Falls, N. Y. 

3 Metallurgical Engineer, Crane Co., Chicago. 

* Research Metallurgist, American Steel Foundries, E. Chicago, Ind. 

* Foundry Consultant, Wyoming, Ohio. 

*Asst. Mgr. Technical Sales Dept., Air Reduction Sales Co., New York. 








A NEW METHOD OF EVALUATING 
COSTS IN JOBBING FOUNDRIES 


Dr. A. William Schneble, Jr.* 


“A busy shop can go broke as quickly as an empty 
shop—and more easily, in fact, if costs are not known.” 
This is the statement of Walter L. Seelbach in his edi- 
torial, “The Road Ahead” published in December 
1950 issue of the AMERICAN FOUNDRYMAN. In these 
times of extended and expanded production, it is 
essential that an adequate costing method be used in 
the foundry particularly to disclose which jobs appear 
to be profitable, but actually are unprofitable. Such 
a cost system must fulfill the purposes of costing in 
the foundry, which, in addition to the formation of a 
basis for pricing products, are: 

a. To determine actual costs 

b. To control expenditures 

c. To provide a basis for the formulation of oper- 
ating policy. 

In order to determine costs, more accurately, a study 
was instigated from which a new method of costing 
in jobbing foundries was devised. By use of this 
method, the foundryman will be in a better position 
to determine which jobs are profitable and/or which 
jobs are desirable considering the cost standpoint. 

An analysis was made of the common jobbing 
foundry costing methods wherein individual jobs are 
costed by dividing the costs of the Mold and Core De- 
partments for a specific period of time (including 
their share of the general expenses) by the number of 
productive molding and coremaking hours, respec- 
tively, for the same period of time. This results in the 
mold and core cost rates to which is added the pro- 
rated clean and ship cost rate.t+ Thus by multiplying 
these mold and core rates (and clean and ship rate) 
by the molding and coremaking hours of the indi- 
vidual job, the cost of these operations are obtained. 
In order to obtain the total cost of the job it is neces- 
sary to add to these costs, the cost of the Melt Depart- 
ment. This cost is generally obtained by dividing 


* Plant Manager, Advance Foundry Co., Dayton, Ohio. 

** Instructor, Industrial Engineering Department, Ohio State 
University, Columbus, Ohio. 

+In many foundries the Clean and Ship Department's costs 
are handled in the same manner as the Mold and Core Depart- 
ment’s costs. 
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the total costs of the department (for a given period) 
by the number of pounds of castings produced which 
gives a rate in dollars per pound. This rate is multi- 
plied by the weight of the casting. 

There are certain serious inadequacies with the 
common method of costing. For one, it does not con- 
sider the fact that some castings require more floor 
space during production than others while employing 
the same amount of productive labor. This places a 
serious limitation on the productive capacity of the 
foundry because it is not possible to increase labor in 
proportion to the increased space required. 

Another consideration which is omitted in the pres- 
ent method is that the overall employment of direct 
producers (molders and coremakers) is limited by 
the type of castings and, therefore, the productive 
capacity in hours is likewise limited. Moreover, the 
commonly used system reflects only the productive 
hours spent on the job and ignores the capacity limit- 
ing characteristics of individual jobs. Jobs vary greatly 
in the amount of floor space which they require. How- 
ever, the big area jobs are -not necessarily the worst 
“space offenders.” The ratio which best describes the 
capacity limiting characteristics of a job is that of the 
floor space required for a job to the number of pro- 
ducers that can efficiently be employed on the job. As 
a result of employing the commonly used costing 
method it is impossible to define the total capacity of 
the foundry. Hence it is impossible to determine the 
sales, cost and profit relationships except by the em- 
ployment of average productive labor data. The dan- 
ger of using average figures is that it tends to hide the 
jobs which are apparently unprofitable or undesirable 
(i.e., capacity limiting jobs). 


The New Method of Costing 


The method of costing proposed herein is based on 
the hypothesis that each job should pay for its limita- 
tions on the maximum production capacity of the 
foundry in proportion to the amount of this limita- 
tion. This method recognizes that each job has three 
distinctive characteristics. These are: 

a. Evaluated average floor space required by the job, 

b. Ratio of mold direct labor hours to core direct 
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labor hours for the job, 

c. Average number of molders on the job per day. 
li is by these characteristics that each job is defined. 

The evaluated average floor space required by the 
job in the Mold Department is determined from two 
factors: (1) the area of the drag and cope that is 
required and (2) the total time that the drag and 
cope are on the floor. This time element is very im- 
portant since often a job must sit on the floor several 
days after it has been poured in order to cool. Ob- 
viously, when cooling this job is displacing other jobs 
on which productive work could be done. It is logical 
then that a job which has a long cooling time costs 
more to produce than another with a shorter cooling 
time requiring the same area. 

The ratio of the mold direct labor hours to the core 
direct labor hours is a measure of an amount of pro- 
ductive work required within the Mold and Core De- 
partments. From a theoretical standpoint then, this 
mold to core direct labor hours ratio would effectively 
expand or reduce the Mold and Core Departments for 
each job produced.* 


Number of Men on Job 


The average number of men on the job pertains to 
the Mold Department only and is the average number 
of molders employed on a job per day. This figure is 
based upon effective utilization of molders on the job 
and represents the maximum number of molders 
which can be used efficiently on a job. 

Certain assumptions are necessary before the theory 
ol the new method is given in mathematical form. The 
first of these assumptions is that only one kind of job 
is produced and that it is produced at the maximum 
capacity rate of the foundry. The limitations on the 
equipment and the general arrangement of a given 
foundry are considered in the determination of the 
maximum capacity rate of the foundry. Although it is 
undoubtedly obvious to the reader, this assumption 
is necessary in order to reduce the complexity which 
would exist if all the combinations and permutations 
of the various jobs produced were considered at any 
one time. 


Another assumption is that the new method of cost- 


ing is independent of the kind of management opera- 
tions employed in a given foundry; the new method is 
“to stand on its own merits.” The third assumption 
is that the method is applicable to all job shop found- 
ries. However, various details of the method will vary 
from foundry to foundry. 

The last assumption made is that the working area 
per coremaker is a constant. From past experience it 
has been found that the working area per coremaker 
for most foundries varies over a small range for vari- 
ous jobs. Thus it is possible to determine empirically 
this constant. The variance of the working area per 
coremaker is small enough that it does not seriously 
affect the outcome of the calculations or the method.** 


* This assumes that the mold and coremaking areas are more 
or less interchangeable. 

** This is illustrated by the fact that a large casting will gen- 
erally have a number of small core boxes and hence is not much 
different than a smaller casting as far as the coremaking is 
concerned. 
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lt is now possible to present the theory of the new 
method which has been developed from the descrip- 
tion of the method and assumptions given above. The 
evaluated average square feet of floor space taken up 
by the job, J is defined as: 


B= Agata (1) 
where B = sq ft days of drag, 
Ag = drag working area, 
ty == time in days the drag or pit is on the 
floor (including cooling time); 
D = At. (2) 
where D = sq ft days of cope, 
A, = cope area, 
t. == time in days cope is on the floor. 


Thence by adding equations (1) and (2) and divid- 
ing by ty, J becomes, 
B+ D 
J = —. (3) 
ta 
By using ty as the diviser in equation (3), J becomes 
the effective amount of floor space (sq ft) that the 
entire job uniformly occupies for the entire time it is 
in the shop. This area is entirely imaginary since it 
includes the area of the cope, when it is occupying 
floor space, and averages it with the drag working 
area. 
The average number of men on the job per day, N, 


is 
Hu; 
N = ~ (4) 
8ty 
where Hu; = total mold hours of a specific job. The 


mold and core areas required for a specific job are 

obtained in the following manner. The maximum 

number of mold hours, Hy, in the foundry per day is 
8MN 

H, = ——— (5) 


where M = mold floor area, sq ft. 
The maximum number of core hours, Hg, in the 
foundry per day is, 


H, = 8CL (6) 
where C = core floor area, sq ft, 
L, = number of coremakers per sq ft floor 
space. 


By dividing equation (5) by (6) the ratio of mold to 
core hours becomes 





Hy 8MN MN 
_- = J or ——. (7) 

He BCL JCL 
The ratio of mold direct hours to core direct hours on a 
Hay Hx; Hy 
specific job, ——, must balance such that ——- = ——— 
Hey He, H, 


and thus this ratio can be substituted into equation 
(7) and by rearranging terms becomes, 





HajyCL 
M/C = — (8) 
He;N 
where He; = total core hours on the specific job. 
Since M + C= T 
where T = total mold and core floor space, sq ft 


it is possible to determine the maximum number of 
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Fig. 1—Mold and core cost rates (New Method) 


molders, Ky, that can be employed in the shop when 
molding a specific job: 
NM 
Ky, = — (10) 


and in a like manner, the maximum number of core- 
makers that can be employed on a specific job, Ke, 
becomes, 
K, = CL. (11) 
The constant, L, includes both coremaking and core 
assembly areas. 
The cost rate per hour for the specific job is then 
determined as: 
(a) Mold Rate 
Oy 
Die tt ne (12) 
Hy 
where Oy = the cost of operating the Mold Depart- 


Fig. 2—Mold and core cost rates (Common Method) 
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ment per day including the Mold Department's share 


of overhead items. 
(b) Core Rate 


c 
rR. = — (13) 

He 
where O, = the cost of operating the Core Depart- 


ment per day including its share of the overhead 
items. 

Knowing the characteristics of the job, J, Hu;/Hc;, 
and N it is possible to calculate Ky and Kg, the maxi- 
mum number of molders and coremakers that can be 
employed on a specific job by using equations (8) 
through (11). By combining Ky and Kg with the cost 
data, the rates Ry and Rg, are obtained in cost per 
hour of the job. When these cost rates are multiplied 
by the hours required to perform the molding and 
coremaking on the specific job and by adding the cost 
of the alloy (which includes metallic components of 
the charge), commissions, and patterns, etc. the total 
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cost of the job is determined. 

In Fig. 1 and 2 a comparison is given of the rate 
Ry and Re with the mold and core rates determined 
in the usual manner. Figure | gives family of cost 
rate curves for varying molders and coremakers. 


Cost Data Required for New Method 


It is beyond the scope of this paper to evaluate, in 
detail, accounting procedures of a jobbing foundry. 
It is, however, pertinent to the new method of costing 
to discuss briefly certain accounting procedures. The 
new method is based on the hypothesis that jobs limit 
the capacity of the foundry because of the space they 
require and the limitation they place on the employ- 
ment of direct producers. When this hypothesis holds, 
the cost data must be accurate if the objective of the 
new method is to be fulfilled—to determine the profit- 
ableness of each job. It is quite clear that the cost 
data represents an important role in the overall 
method. However, the new method illustrates a new 
principle in costing which is independent of the accu- 
racy of the cost data used. 

The presently accepted procedure of allocating costs 
to departments is considered satisfactory in general. 
However, to use the new method, costs must be extra- 
polated to various levels of operations. In many cases 
the levels of operation for which the cost data must be 
secured will be beyond the practical level of operation 
of a given foundry. These cost data will be purely 
hypothetical in nature and it will challenge the found- 
rymen’s imagination in considering it as an actual 
practice. However, for the specific job in question 
these data represents what would actually take place 
if the foundry were operating at capacity making only 
this one job. 

The cost breakdown for the new method will be by 
the Mold, Core, Clean and Ship, and Melt Depart- 
ments on items which are directly chargeable to these 
departments. The overhead and general expense items 
will be compiled on the basis of combined depart- 
mental costs (excluding the Melt Department) vary- 
ing by men in the Mold and Core Departments where 
expenses vary according to men employed and com- 
bined departmental expenses (excluding Melt Depart- 
ment) varying by floor space where expenses incurred 
vary according to floor space used in the Mold and 
Core Departments. The Clean and Ship Department 
costs will be added to the combined departmental costs 
varying by men. This enables the management of the 
foundry to maintain some control over the costs of 
the Clean and Ship Department while still prorating 
the costs to the Mold and Core Departments in the 
same manner as currently used in many foundries. In 
case a foundry prefers to obtain cleaning costs on each 
job individually, it would require only slight modifi- 
cation of the new method. 

The costs, in addition to the Departmental break- 
down, are also separated as rates, fixed and semi-fixed 
costs. The semi-fixed costs are determined at various 
levels expressed in terms of men. The interval for 
these costs is chosen such that they reflect all changes 
in costs of the items concerned. 

Actual costs. by departments for use in the new 
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method are determined in the following manner. The 
direct Mold Department costs for a period are deter- 
mined by adding all rates (which are based on $, 
molder-hour). This total rate is multiplied by the 
number of mold-hours for the period. To this is added 
the semi-fixed costs for the same period giving the 
total direct Mold Department costs. The Mold De- 
partment’s share of the Clean and Ship Department, 
overhead and general costs is determined by adding all 
fixed and semi-fixed combined departmental costs 
varying by men. 

A portion of these costs are prorated to the Mold 
Department by multiplying these costs by the ratio of 

Ky 
—__———. This ratio is used because it prorates the 
Ky + Ke 
overhead and general items varying by men on the 
basis of the number of men employed on an indi- 
vidual job. 

The Mold Department's share of the combined de- 
partmental costs varying by floor space is determined 
by adding all items in this category for the given 
period and multiplying by the ratio, M/T. This ratio 

Ky 
is used for a similar reason that the —--_——— ratio is 
Ky + Ke 
used; namely, it prorates these costs to the Mold De- 
partment on the basis of floor space used by the indi- 
vidual job. 

The Core Department costs are obtained in a like 
manner. The Melt Department costs are determined 
in the customary manner as described before. 


Comparison of Results of the Two Methods 


In order to obtain a comparison of the two methods, 
a limited number of jobs were costed by both meth- 
ods. The results are given in Table 1. It can be ob- 
served from Table | that due to the capacity limiting 
efforts of each job, costs determined by the new meth- 
od vary from 75 to 120 per cent of the costs considered 
accurate as determined by the commonly used method. 
Furthermore, Table | indicates that seven jobs out of 
37 have a cost ratio (new method to commonly used 
method) greater than one. As a consequence it can be 
seen that a foundry costing their castings by the pres- 
ent method would determine costs and set prices, on 
the majority of their castings, substantially higher 
than required to make a fair profit. 

There are two contributing factors to this condition. 
First, those jobs which have a cost ratio greater than 
1.0 are the jobs with a high J/N ratio. These jobs, 
therefore, limit the employment of direct producers to 
a few men. Any job requiring a large amount of floor 
space for each molder employed on the job will ob- 
viously be one that is bulky in size and occupies a 
fairly large amount of total floor space. This type of 
casting will. require a foundry with suitable large 
flasks, pits, overhead cranes, pattern layout men etc., 
in order to be able to cast it. 

In contrast, a foundry which does not have these 
facilities will be forced to produce predominately the 
low ]/N type of castings. On this type of work the 
commonly used costing method will give a lower cost 





TABLE 1—EXPERIMENTAL RESULTS 





Total Ratio Mold 
Men of Cost Floor 


Cus- Job Weight, (Ky-+ of Job Space 








tomer No. Ib Ky Ko Kc) New/Old Days J/N 
A 1 780 35.3 35.3 70.6 0.83 90 160 
B 2 37900 9.7 8.5 18.2 1.20 10400 1200 
Cc 3 25500 35.0 16.6 51.6 0.92 2100 269 
D 4 22430 13.7 17.6 31.1 1.05 8000 700 
E 5 4900 12.2 25.9 68.1 0.85 480 183 
F 6 1080 38.4 27.4 65.8 0.88 84 193 
F 7 1280 43.9 27.4 71.3 0.88 84 168 
G 8 1312 34.9 59.4 94.1 0.83 154 385 
G 9 1063 26.1 28.9 55.0 0.89 162 270 
E 10 1000 16.7 34.4 81.1 0.79 147 124 
E ll 100 $1.4 22.3 73.7 0.82 141 205 
E 12 980 1.1 30.3 71.4 0.82 164 162 
E 13 300 66.6 6.7 73.3 0.76 90 181 
E 14 300 52.5 3.2 55.7 0.80 153 242 
oe 350 57.9 49.3 107.2 0.72 126 216 
H 16 2790 36.4 34.2 70.6 0.84 262 161 
H 17 3780 31.4 12.2 13.6 0.94 388 346 
H 18 745 22.1 10.7 62.8 0.88 80 198 
H 19 3520 28.0 17.4 45.4 0.94 387 346 
Cc 20 15650 53.7 16.4 70.1 0.89 794 185 
Gc @ 10040 37.7 31.6 69.3 0.89 510 170 
Cc 16540 17.8 16.9 64.7 0.92 652 205 
I 23 2500 51.5 10.3 61.8 0.92 109 217 
} 2500 13.3 32.9 16.2 0.97 202 160 
K 25 1100 32.8 27.3 60.1 0.89 150 217 
L 26 1200 78.7 0 78.7 0.81 105 172 
M 27 19000 10.6 29.1 39.7 1.003 657 657 
N 28 1350 57.6 0 57.6 0.89 103 237 
N 29 2600 76.0 0 76.0 0.88 110 177 
oO 30 6510 58.3 9.7 68.0 0.87 438 195 
oO 3i 660 38.8 0 38.8 0.92 173 348 
zk ® 7600 50.0 26.2 76.2 0.80 1240 153 
P 33 8200 10.2 28.7 68.9 0.85 870 176 


neo 


P 34 17500 14.5 10.4 24.9 1.10 5630 772 
P 3S 15460 12.1 20.0 $2.1 1.05 1170 750 
P 36 21000 11.1 19.9 31.0 1.06 4600 817 
P 37 12000 7.3 20.6 27.9 1.12 3140 1225 





rate since the large majority of castings produced will 
be of the higher molder and coremaker capacity type. 

As a result the first foundry equipped to make all 
types of casting will of necessity quote a higher price 
on the low J/N jobs than the second foundry. This 
will tend to drive the low J/N class of work from the 
first foundry and make them specialist in the high J/N 
castings only. 

It will also cause the first foundry to have an appar- 
ent increase in costs per labor hour since the low J/N 
jobs are no longer available to absorb part of the ex- 
penses of making the high J/N jobs. 

As a second factor, it will be noted that in general 
the high J/N castings require a large amount of mold 
floor space days. Table 1 shows that as many as 100 
of job No. 26 could be molded in the space as one of 
job No. 2. This will explain why only seven of the 
37 jobs listed had a higher cost than determined by 
the commonly used method. This would tend to indi- 
cate that a reduction in overall total costs has resulted 
by use of the new method. This, however, is not the 
case since all costs were derived for the same source, 
and, thus, the total of all costs of all 37 jobs is the 
same whether costed by commonly used or new meth- 
od. Actually the new method gives a more accurate 
means of distributing costs to the various jobs. 


Most jobs which are available to the jobbing founc- 
ry are similar to the jobs listed in Table | with a cost 
ratio of less than one. Any foundry limiting the): 
operations to only these jobs of the low capacity type 
would be faced with erratic operations during certain 
periods and would be limited to a small number of 
customers. It would be impossible for such a found: 
to charge sufficiently high prices when this work was 
available to maintain profitable operations when work 
was not available. 

In summary, a competitive jobbing foundry pricing 
their work selectively by the new method would find 
themselves in a healthy competitive position at all 
times. Under normal conditions the limited amount 
of competition on the low capacity type of castings 
will allow the increase price required and still not 
limit their orders on this type of work appreciably. 
As a result the foundry’s operations will be stabilized 
by a large variety of types of castings and a large num- 
ber of customers. A large variety of products and cus- 
tomers are paramount to the success of a jobbing type 
industry. The same foundry when operating under 
high business activity conditions will be in the posi- 
tion to selectively choose those jobs, which in addition 
to providing a good profit, can be chosen from the ease 
of manufacture, delivery date and other such factors. 

A captive foundry which cannot normally select its 
jobs, can by use of the new method more accurately 
determine costs of jobs which ultimately will have an 
effect on the price of the end product manufactured.* 
When a captive foundry is in the position where it 
cannot produce all the castings required, the new 
method will indicate those jobs which can be most 
profitably “farmed out” either from the cost or ease 
of manufacture standpoint. 
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DISCUSSION 


Chairman: R. L. Ler, Grede Foundries, Inc., Milwaukee. 

Co-Chairman: G. TispaLte, Zenith Foundry Co., Milwaukee. 

Rosert Grecc:' This paper, according to the authors, dis 
cusses a new method of foundry cost accounting. 

If jobbing foundries would clean up their plants and not use 
their molding space for flask storage, there would not be much 
justification for this new method. 


* This analysis is particularly helpful in costing repair parts 
which will not be the same as the average cost of all the cast- 
ings required in the end product. 
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Most jobbing foundries base their cost finding on direct time 
of molding, core making, and cleaning, and leave out a very 
important cost item, namely, flask equipment and special rigging. 

Flask equipment and rigging should be charged to the job and 
not charged into overhead or Capital Investment; and what 
should be foundry profit, often lays wasting in the flask yard. 

Jobbing machine shops charge for tooling, jigs, and fixtures 
to do the job; so why should not the foundry charge directly for 
flask equipment and other rigging? 

Mr. McQuiston: It would be simple with this new method to 
charge the customer for rigging and flask equipment, since you 
are costing each job individually. It is merely an accounting 
procedure to get those costs worked into the system. 

CHAIRMAN Lee: We do charge for special flask equipment and 
have been doing so for years. I agree with Mr. Gregg that a 
foundryman would go bankrupt if he would spend a lot of 
money in rigging his customers’ patterns to special equipment. 

H. R. WitytAMs:* I think the principles herein discussed 
should be considered in cost accounting. I agree that space re 
quirements in a shop have a definite affect on the profits a 
foundry can earn on a job. 

This seems to be a rather complicated way of getting at this 
cost factor, but perhaps that is the way it has to be done if we 
aie seeking accurate cost accounting. 

Mr. McQuiston: The formulae presented in the paper are 
not beyond comprehension of most foundrymen. Actually they 
are simple and calculations can be worked out which can be 
done rapidly with clerical help. All equations are first order 
equations and should be simple to handle. 

CHAIRMAN Leer: I agree with you. The equations, however, 
will require some study on the part of the foundryman. 

W. J. MAcNEILL: * Were these calculations carried out to the 
point where K equaled one molder and M was only a fraction 
of the total area of one molding floor? In other words, has this 
been projected to include molding of small castings which are 
shaken out soon after pouring, with the result that a given unit 
of floor space may accommodate two or more molds during a 
given work period? 

Mr. SCHNEBLE: The cdlculations are such as to apply to a 
flask which would occupy the molding floor an hour or so. This 
method would find limitations in a production foundry that 
had fixed equipment. 

\ foundryman operating a production shop should study this 
method carefully and possibly find some application of it in his 
own foundry with variations, of course. 

Mr. McQuiston: I think the conception will still hold, but 
the applications are different. 

C. E. Westover:* This is a good thought provoking pape 
based on a certain amount of theory which should raise ques- 
tions of practical application. It seems impractical to consider 
filling a commercial castings shop with any one job on the theory 
that making that job stand on its own, would produce a profit 
for the plant, make full use of its facilities and enable one to be 
competitive. We must recognize jobbing is a setup that is not 
practical for 100 per cent operation on any one job and it can 
be profitable only if a good per cent of its facilities are used. 

Mr. McQuiston: Actually, it is only a relative matter and 
if you try to handle all the combinations and permutations of 
the jobs, it would be hopeless mathematically. It would not 
be worthwhile, by the reason that we make the assumption that 
only one job fills the shop, which never actually happens—it ‘did 
not happen when we checked the data—is to simplify the cal- 
culations. We want to get a relationship between jobs. 

MemMBerR: Could not something simpler be devised taking into 
consideration tonnage of metal poured per square foot of floor 
area? This would involve size of flask and weight of metal 
poured. 

' Reliance Regular Div., American Meter Co., Inc., Alhambra, Calif. 

2 Williams Management Engineering Co., Milwaukee. 

% Acme Aluminum Alloys, Dayton, Ohio. 

* Westover Engineers, Milwaukee. 
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Mr. McQuiston: Of course, once you know the size, you 
are talking about floor space again. 

Member: I think it is simpler than the complicated method 
presented in this paper. 

Mr. McQuiston: The approach of using man-hours was to 
make a transformation of what is normally done day by day— 
you cost on the basis of direct producers in most cases, and so 
we carry through that some process. 

I think you would encounter difficulty if you were to use the 
weight basis. You get into complicated jobs requiring more 
than one molder, complicated shapes, etc. 

Mr. ScHNeBLeE: The difficulty you would encounter using a 
weight basis would be similar to that if you used weight as a 
basis for regular costs. It would be identical whether you use 
hours or a weight basis for the common denominator. Whether 
you use this method or the orthodox method of just considering 
each job, that would all be the same. 

here is little relationship between the weight of a casting and 
the cost required to preduce it other than the metal itself that 
you pour into it. I think most foundries have discontinued 
costing their jobs on a weight basis. 

MemsBer: What I had in mind was the side floors. You could 
make definite assumptions as to what would be profitable in 
pounds per square foot of side floor area which has to be 
handled mainly in pouring. 

Mr. Westover: Floor space is one of the cheapest items in 
the foundry. It is a factor to be considered, however. Our main 
item of cost is labor, usually about 50 per cent of total costs. 
It seems to me too much emphasis is being placed on floor 
space as a factor of cost in determining selling price. 

Mr. McQuiston: We are still using all the labor data that 
we used heretofore. We are simply using the floor space as a 
basis of proportioning where floor space is a factor, but we are 
not disregarding the labor cost data. 

CHAIRMAN Lee: Some of you foundrymen who have been in 
the foundry industry for a long while can recall some of our old 
cost manuals and ways of figuring costs. A Cleveland man, a Mr. 
Runge, at least 20 years ago started this floor space idea and it 
has been used in many foundries. The purpose of presenting 
this paper was to provoke some thought on the part of foundry- 
men. 

Mr. SCHNEBLE: Floor space is not an item to be charged for 
as such under this system. The entire idea of the floor space is 
to express the capacity in the foundry. To think of charging 
for floor space so many dollars per square foot is erroneous. 
In order to determine a selling price, a foundry must charge 
enough to make a profit at somewhat less than 100 per cent 
operation. The question immediately comes up as to what is 
100 per cent operation. 

rhat difficulty is what provoked the thought that started the 
work on this paper and this provides a means of determining 
just what is 100 per cent capacity. You can set your break-even 
point at 100 per cent so that you can earn no profit. When you 
do not make a profit operating full force, or 50 per cent, or 
perhaps 80 per cent, all this does is give you a guide post and 
it is not the same for all castings. It is the same for those 
castings that use the same amount of space per molder. The 
physical size of all plants is limited by the four walls around 
them and if you put twice as many men in the same spot, they 
ure going to share the same overhead items that are fixed, the 
insurance, the rent, etc., and the cost of operations on an hour 
basis will be reduced by increasing the number of productive 
people inside the same four walls of the building. That is the 
thought which prompted work on this paper. Do not get the 
idea that floor space is being charged for as such. It is not. 
It is only to determine what is 100 per cent of capacity. 

Member: What adjustment would you make on that capacity 
during boom times when you cannot get the molders to fill your 
floor space and in slack times when you cannot get the work to 
fill your floor space? 

Mr. SCHNEBLE: The system is independent of management of 
the foundry. Whether you have enough orders to fill the 
foundry or not has nothing to do with this method of costing. 











DESIGN OF CORE BOXES AND DRIERS 
FOR USE ON CORE BLOWING MACHINES 


By 


E. A. Blake* 


THE Core BLOWING MACHINE was first intro- 
duced to the foundry core room about 40 years ago. 
At that time, and for many years thereafter, the found- 
ryman who decided to use the blowing principle of 
core production had to work out his own technique for 
core box rigging and sand: preparation since the exist- 
ing sand mixtures and core boxes were in most cases 
unsuitable. 

In the early days of development of the core blower, 
the various ingredients of the core sand mixture were 
not highly developed. The usual procedure was to 
mix a linseed-base core oil with an unbonded sand, 
a little kerosene, a dry binder (mainly dextrine) and 
some bank sand. Whatever may have been the com- 
bination that finally worked, it was considered confi- 
dential information. 

The prepared sand mixture was shoveled into the 
hopper of the core machine. The machine was de- 
signed so that by proper manipulation of the valves, 
the sand in the reservoir was blown by compressed air 
through suitable holes into a core box. 

Certain preparations had to be made in the core box 
such as locating and drilling of the blow holes and 
providing means to allow escape of the air trapped in 
the box. Most of the venting done in those days was 
called joint venting. This was accomplished by scoring 
the box joint with a fine file to provide openings for 
the air to escape, but small enough so the sand would 
not go through. 

Progress was made slowly. The early successful users 
ol core blowers found this method of making cores 
economical and efficient. They carefully guarded the 
technique they had learned the hard way. Those who 
were unsuccessful considered the core blower a failure. 

With the constant improvements made in machines 
and materials, ideas and methods were exchanged 
more freely among foundrymen. The art of blowing 
cores grew slowly but surely in the period from about 
1920 to 1929. 

The progress that was made prompted manufac- 
turers to explore the possibilities of core blowing as it 
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was apparent that the field had hardly been touched. 
In the meantime, there was a growing interest in 
machines that would produce larger cores than those 
previously blown. 

In 1933, several makes of core blowers were available 
in different sizes. During the last 15 years, the greatest 
development in the use of core blowers has taken 
place. Today machines are available to biow cores 
weighing from a few ounces up to several hundred 
pounds. These machines are for manual, semi-auto- 
matic, or completely automatic operation, and include 
mechanical handling of the core box as well. 

Automatic core blowers are in operation in several 
foundries on high production jobs. The trend is for 
equipment that is efficient and economical—machines 
that will relieve the operator of heavy work or opera- 
tions requiring skill. 

To accomplish this, core boxes and core driers must 
be designed and constructed properly. The purpose 
of this paper is to point out the more important design 
requirements for equipment used with core blowing 
machines. 

During our early experiments in blowing cores 
weighing from a few ounces to approximately 20 lb, 
we found that certain fundamentals had to be fol- 
lowed, such as: 

1. A sufficient supply of dry air through a line of 
ample capacity at a pressure, in general, not less than 
80 psi was necessary. 

2. Properly prepared sand with controlled moisture 
was essential. 

3. Machine clamps, both vertical and horizontal, 
must be of sufficient capacity to clamp the box tightly 
during the blow cycle. 

4. The machine should be equipped with a sand 
reservoir of suitable size for the core being blown. 
Large reservoirs for blowing small cores were not prac- 
tical. 

5. The blow plate should be properly drilled with 
holes of proper size and to accurately match those in 
the core box. 

6. The core box should be machined parallel top 
and bottom and if clamped from the side, both sides 
should be parallel. 

7. The joint should be accurately fitted to prevent 
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Fig. 1—Bench-type core blower 


leakage of sand. 

8. A guide rail and stop should be provided so the 
holes in the box will line up with holes in the blow 
plate each time the box is placed in the machine. 

9. Blow holes should be drilled and spaced so the 
sand will enter the box and pack the sand uniformly 
from the bottom up. 

10. Air release vents have to be inserted at various 
locations to divert the sand stream to pockets and cor- 
ners or around bosses. We found that vents in the 
lower part of the box were necessary, but they lose 
their efficiency when covered with sand; so, therefore, 
more vents are required in the upper half of the core 
box. 

We found that by following the above and analyzing 
a core before deciding how to blow it, and using good 
judgment as to where to place the blow holes and aii 
release vent in the core box, we could produce satis- 
factory cores. With little extra work on the core box 
or core sand mixture, cores were made that were firm 
and would draw clean from the box. They would 
hold their shape without sagging when going through 
the baking cycle. 

Accompanying illustrations show the different types 
of core blowers commonly used, and illustrate the con- 
ditions that take place when a core is blown. 


Bench-Type Core Blower 


The bench-type core blower (Fig. 1) first appeared 
about 1943. Due to its simplicity of design and ease 
of core box rigging, it was promptly accepted by 
foundrymen. It is recommended for blowing small 


cores ranging from a few ounces to about 2 Ib with a 
surface area of approximately 24 sq in. 

The operation consists of filling the cartridge with 
sand by hand, placing the core box and cartridge in 
the machine, holding the cartridge tight to the box by 
applying pressure on the clamping lever, and pressing 
down on the blow control lever. The clamping lever 
must be held down slightly longer than the blow lever 
to allow exhaust air to escape, as this machine does 
not have an exhaust valve. 


Diaphragm-Type Core Blower 


The diaphragm-type machine (Fig. 2) is made in 
several sizes. The smaller machines blow cores from 
a few ounces to 15 lb. The larger machines blow 50 
to 200-lb cores. The surface area of cores blown on 
the smaller machine is a maximum of approximately 
140 sq in. while on the large machine it is a maximum 
of approximately 600 sq in. 

A machine designed to blow cores larger than a few 
pounds and with larger surface areas becomes more 
complicated in. design. 

A method of moving blow head or sand chamber to 
the blow position over the core box should be mechan- 
ical. On this machine, it is accomplished by an ait 
cvlinder with spring return. 

A sufhciently large air inlet to the machine should 
be provided so that when more and larger blow holes 
are used, the pressure drop from the blow valve to the 
core box is held to a minimum. A 214-in. diam ait 





Fig. 2—Diaphragm-type core blower 
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inlet pipe is recommended on the smaller size blower the 
and up to a 4-in. diam pipe on the larger size. 7 
Air trapped in the sand chamber at the end of the lar 
blow operation has to be exhausted before unclamping bo 
the box; therefore, an exhaust valve must be incor- col 
porated in the design.to do this quickly. | 
Power clamps are required and must be of sufficient an) 
size to keep the box tightly closed during the blow sid 
cycle. | 
These operations are controlled by one or two ins 
manually-operated valves or by an automatic sequence iw 
valve that will move the blow head from fill to blow th 
position, clamp the core box, blow the core, exhaust ha 
the excess air, release the clamps, and return the blow 
head to the filling position. int 
Draw-Type Core Blower * 
The draw type core blower (Fig. 3) is substantially uF 
the same as the diaphragm machine except that a be 
cylinder and piston are used to perform the clamping on 
operation. The upper half of the core box is usually ba 
mounted on the blow plate on this machine, and the 
core is drawn from the upper half of the core box on pl 
the down stroke of the clamp piston. re 
Side clamps are not standard on this type machine, ol 
and are only used in special applications. th 
This machine has an automatic control valve which tr 
will put the machine through its complete cycle by bl 
moving the starter handle downward. After the cycle th 
is completed, the starter handle returns to the up posi- lit 
tion ready for the next cycle. Tr 
Clamping pressures on both the diaphragm-type and Fig. 3—Draw-type core blower by 
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the draw-type machines will range from a minimum of 
700 Ib on the smaller machine up to 55,000 Ib on the 
larger machine. Such pressures applied on the core 
box must be considered when designing and building 
core box equipment. 

Figure 4 shows a complete core illustrating various 
conditions typical of many cores that might be con- 
sidered for core blowing. 

This core has a large center section with bosses hay- 
ing ribs forming pockets in the main body. There are 
two round extensions to the right and a projection to 
the left of two diameters. On the upper surface, we 
have two small conical core prints. 

In studying this core, we find that a practical part- 
ing would be as outlined through the center of the 
core. To blow this core, there are two practical sur- 
{aces from which to work, either the lower face or the 
upper face. The upper face was selected to blow into 
because it is the shallower and the more practical side 
on which to place the drier on which this core is to be 
baked. 

Examination of this core indicates that the best 
places to locate blowing holes are where the sand will 
readily flow into the various pockets in the main body 
ot the core so that when the sand enters the core box 
through these blow holes, the core box will be filled 
from the lowest level upward until completely filled. A 
blowing hole was located in the round projection to 
the left outside the metal line indicated by the dotted 
line in order to assure proper packing at this point. 
The projections or barrels to the right could be blown 
by vertical blow holes in the print end, but due to the 
extreme length of this blow hole, it was decided that 
it would be preferable to blow as shown. By directing 
a stream of sand into the barrel through a blow elbow 
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as indicated, the core box wear at this point will be 
greatly lessened, 

The projection at the left with the curved surface 
at the bottom lends itself nicely to blowing, but the 
abrasive action of the sand would be quite destructive. 
It would be best to omit a blow hole at this point due 
to the fact that blowing directly on this curved surface 
creates a point that wears rapidly and is extremely 
hard to repair. Instead, a large vent was placed over 
this opening and as the core box is filled, the sand 
will direct itself upward toward this vent, packing the 
print and the upper pocket solidly. The other conical 
print at the top of the core is located over the main 
body of the core, and the sand directed through this 
blow hole strikes a flat surface at the bottom and far 
enough away from the blow hole that the wear at 
this point should not be excessive. 

As previously stated, most of the air release vents 
are in the top surface of the core box. The only ones 
that the writer has indicated in this particular core 
in the bottom of the core box are those around the 
boss in the center main body of the core. Others would 
be added only if required. It should be kept in mind 
that there should be no interference between blow 
holes and vents. In other words, all vents should lead 
to atmosphere and be so arranged with relation to the 
blowing holes that air and sand entering the box will 
not interfere with escape of trapped air. 

After further study, we found that it would require 
an 814-in. x 21-in. inside opening of the sand reservoir 
to properly blow this core. The writer indicated this 
in Fig. 4 and has also shown the two types of vents 
that are placed in the blow plate rather than in the 
core box. To the left is the large vent over the one 
core print leading to atmosphere and to the right is 
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Fig. 5—Core box layout 
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the blow hole through a blow bushing that has a vent 
area around the outside that allows the air to escape 
to atmosphere. This is shown in the enlarged view 
in Fig. 4. 

Before building a core box, information should be 
at hand as to whether the requirements are for a few 
or many cores from a given box. If this core were a 
short run job that is run occasionally, there is a possi- 
bility that it could be blown in a well constructed 
wood core box. However, we are assuming that the 
production requirements are sufficiently high to justify 
careful consideration of those factors which will result 
in maximum life, efficient operation, and low main- 
tenance. Our discussion of design, therefore, is based 
on a core box made of either magnesium or aluminum. 

In the design of this core box, we considered its 
weight, strength, and rigidity, and have made _ pro- 
visions to minimize wear as well as simplify mainte- 
nance. You will note (Fig. 5) that the top and joint 
ure steel faced. The top and bottom surfaces should 
be parallel to permit clamping without the possibility 
of sand leakage during the blowing operation. The 
bottom slide rails and the guide rail to one side are 
steel faced, and the center rails are spread out to give 
good support to the core box joint so that under the 
clamping pressure, this joint is tightly held. The joint 
flange should be well supported with ribs. 

The top of the box is steel faced with two types of 
steel facing to minimize wear and reduce maintenance. 
At the center of the core box, it covers the entire sur- 
face of the main body due to the fact that there are a 
number of blow holes in it and it is more economical 
to use this type of steel face rather than a series of 
washers such as are shown at the ends. Bosses are 
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provided at those points where blowing holes are to 
be located. In a production core box, these holes 
should be bushed, the usual practice being to make 
the bushings of thin wall seamless tubing. The tubing 
can be peened over the steel facing, making a tight 
seal at this point. The plate should be securely fast- 
ened to the top of the core box with flat-head screws. 
‘The round washers at each end should also be secured 
with small screws and the blow bushings should be 
peened around the opening at the blow hole. 

At the right hand end, a cast-iron elbow insert is 
provided to take the wear from the blow stream, and 
these parts are held in place by two screws and _pro- 
vision should be made so that they can be replaced 
when they become worn. 

At the opposite end, a different condition is shown. 
Here we have placed an insert directly below the blow 
hole and this insert should be made so that it can be 
replaced. The inserts are usually made of cast iron or 


synthetic substances now available that have great , 


resistance to abrasion. 

Handles. should be provided at each end on both 
halves of the core box. 

You will note the core box pin lugs are spaced well 
apart and are in line and on one side of the box. This 
is good design in that it permits accuracy and conveni- 
ence in locating the top half of the box on the lower 
half and also simplifies the operation of placing the 
drier over the core box pins in proper position to be 
dropped down over the top of the core. In general, 
you will note that the flanges are well reinforced and 
the bottom ribbing does not necessarily have to con- 
form to the top ribbing of the box since in the layout 
of the top ribbing, the location of the blow holes was 
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Fig. 6—Core drier layout 
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taken into consideration. In laying out the ribbing 
for the lower half of the box, the desire for widely 
spaced guide rails determined their location. 

In the design of a core drier (Fig. 6), the aim should 
be rigidity and lightness. Wherever possible, excess 
metal should be removed. While it is common practice 
to use annealed aluminum castings for driers, we may 
have to revert, under present conditions, to cast-iron 
driers. 

This drier is laid out showing the main flange of 
the drier relieved from the core box joint approxi- 
mately 4, in. with suitable filing pads for fitting at 
certain locations. With the ribs running lengthwise 
and crosswise giving rigidity to the drier itself. You 
will note on this drier, the ribs or rails that run length- 
wise are spaced out widely as these ribs are used to 
slide the core and drier on to a rack in the core oven. 
To get lightness as well as proper heat circulation 
about the core, we have indicated perforations in the 
main body of the drier and windows going around the 
two core prints at the center section and windows on 
the two barrels and the two diameter projection at 
the opposite end of the core. In other words, the 
drier is designed so that only the surfaces of the core 











Fig. 7—Typical example of a core drier 
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that have to be supported are supported using as little 
metal as possible to maintain rigidity. 

To elaborate on what is meant by cutting windows 
in the core drier, refer to Section AA, Fig. 6. On many 
driers, the drier is fitted to a point approximately 45 
degrees each side of the center line, and then a relief 
is made running from nothing to 45 degrees to about 
144 in. at the parting. The metal following this con- 
tour was left in the drier. If we have this relief for 
clearance, then why is it necessary to have metal there 
at all? This metal can be taken out when the drier is 
designed and as a drier has to be handled many times 
during the day, lightness is an important factor. 

By the same reasoning, we only supported the core 
prints in the upper view to the right by placing a 
fitted pad on the bottom only with the sides relieved 
entirely. The same condition exists on the projection 
at the left end of the core. We have supported only 
the bottom of the large diameter and with this diam- 
eter properly supported, the small diameter of this pro- 
jection would not have to be supported at all. In gen- 
eral, both the design and construction of core driers is 
as important as the design and construction of the core 
box itself. 

What we have done here is to take a typical core as 
an example, and analyzed it to determine the method 
of making it on a core blowing machine. We have de- 
signed a light-weight core box with strength and rigid- 
ity to stand high production use. We have incor- 
porated in its design steel facing, steel blow tubes, and 
replaceable inserts to simplify maintenance. 

We have tried to show by proper design that much 
maintenance can be eliminated and when wear does 
occur, the maintenance can be taken care of and the 
box put in proper shape with the least amount of ex- 
pense, 

We have then designed a drier for this core, point- 
ing out the importance of lightness and rigidity and 
have shown where metal can be eliminated to reduce 
the weight of such driers by using perforations and 
windows to eliminate metal where it is not necessary. 

There has been, and perhaps always will be, a never 
ending change of shapes and designs in castings, pre- 
senting new problems for the foundry. We hope that 
some of the features we have pointed out will build 
better core boxes for use with the core blowing 
machine. 

DISCUSSION 

Chairman: Harry Lees, Whitin Machine Co., Whitinville, 
Mass. 

Co-Chairman: V. C. Resp, City Pattern Foundry & Machine 
Co., Detroit. 

F. C. Cecu:*' How would you determine whether to use a 
screen or a slot vent in the core box? 

Mr. BiAke: I would use the slot vent only under conditions 
where a scar such as caused by a screen vent would not be 
permitied on the core, or possibly under conditions where you 
would want to shape the vent to the contour of the box to get 
exceptionally smooth surface. The slotted vent has less than 
one third of the area of the screen vent, but it has definite ad- 
vantages where a scar is not permitted. Wherever possible, I 
would use a screen vent. 

W. L. Larson:*? What size blow holes would you recommend 


for blowing cores of from 5 to 40 Ib, and should the holes be at 
a 90-degree angle to the blow plate? 

Mr. Brake: It is difficult to recommend the size of blow 
holes on a pound basis. Each core should be analyzed for the 
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location and the size of blow holes, and that is what has to be 
done before rigging core boxes. The bond of the sand as well 
as the shape of the core determines the size of the blow holes. 

MemsBer: How do you prevent the sand from the blow hole 
becoming part of the core? Are there any provisions made for 
that? 

Mr. BLAKE: There are several methods for doing that. The 
common method is to take a pipe tap and run a few threads 
in the blow hole. Then there are steel blow bushings that have 
a groove in them, and there are also plastic bushings. There 
are several methods to prevent the slug in the blow hole from 
becoming a part of the core. 

MemBeR: What is the accepted method? Does there seem to 
be any? 

1Patternmaking Instructor, Cleveland Trade School, Cleveland. : 

2Research & Development Engr., The Dow Chemical Co., Bay City, Mich. 
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Mr. BLake: We are in a business where there are no .¢- 
cepted methods. Everybody has his own ideas on that. P.r- 
ticularly, I do not like the plastic blow tube. I have seen ‘oo 
many conditions where in blowing, the tube expands uncer 
pressure and contracts when the pressufe is released. In a 
jacket of this type, the slug of sand from the blow hole «b- 
solutely will not disintegrate, and the slug of sand will show 
when the core is baked and will cause a scrap core. 

Member: What method do you use? We have found this 
tubing you spoke of the cheapest and best application we have 
been able to cover. The steel tubing is inexpensive and does 
not cost much to put it in. 

Mr. Biake: I believe it is the most economical. I am familiar 
with steel tubing with approximately 14,-in. thick wall and 
when this wears, it can be knocked out and replaced with 
little expense. 
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MECHANICAL PROPERTIES OF CAST STEEL 
AS INFLUENCED BY MASS AND SEGREGATION 


By 
John F. Wallace**, John H. Savage,} and Howard F. Taylortt+ 


ABSTRACT . castings used in structures or machines. Therefore, 
Four heats of various low-alloy steels were cast in green sand quantitative information on these variations in prop- 
molds in the form of 5-in. diam well-fed test coupons, some erties and the development of a procedure of obtain- 


solid and some with a I1-in. round, hollow cylindrical sand 


core in the center. Tensile and V-notch Charpy impact speci- ing representative test metal are of practical im- 


men blanks were cut from the outside and center of these portance. 

coupons and water quenched and drawn in small sizes. After The ‘effect of size or mass upon the tensile proper- 
heat treatment the pieces were machined and tested, including ties of well-fed cast steels were reported by several 
complete transition curves for the impact specimens. Specimens investigators. Sisco! reviewed several of these papers 


from these locations were subjected to microscopic examination 
of the structure and path of fracture as well as chemical 
segregation analyses. 


and concluded that lower values of strength and duc- 
tility in the tensile test are found in large steel cast- 


The results of the mechanical tests permit the following con- ings but that values approaching those attained in 
clusions: (a), Increasing mass reduces the tensile and yield lighter sections can be obtained by subsequent heat 
strength somewhat, tensile ductility considerably, and impact treatment of heavy sections. 


resistance only slightly in~the solid coupons. (b) In the sand 


J , “rten 2 + P Pf ittee4 re “te 
cored coupons, the efject. of mass on the strength and impact Merten,’ Hull,® and an A.F.A. committee repo ted 


resistance is eliminated and the effect of mass on ductility lower tensile properties (particularly lower reduc- 
reduced. tion of area and elongation) in heavy than in light 
Microscopic examination of the metal and fracture surfaces cast-steel sections. The first investigator? concluded 


from the various locations illustrates the reason for these differ- 
ences. Segregated interdendritic areas and agglomerations of 
inclusions (frequently in a chain-like arrangement) are preva- 


that the dimensions of the test coupon should be 
equivalent to the heaviest section of the casting to 


lent in the center of the solid coupons. obtain a representative test. 
The dendritic segregation is mild and the inclusions smaller Harper and Stein,® Lorenz,® and Sims? have shown 
and uniformly distributed in the outside metal. The segregated that the structure differed from light to heavy sec- 


dendrites and agglomerations of inclusions are areas of brittle- 
ness through which the tensile tests from the solid center frac- 
ture, but these nonuniformities have little effect upon the frac- 


tions or from the surface to center of a heavy section. 
Considerable work?*.5.6.7 has been done to improve 


ture of the impact bars. the properties at the center of heavy sections by vari- 
Specimens from the center of the cored specimens have a ous types and multiple heat treatments. Some of these 
wuform dtibuion of incluons and sigh lessee @or- treatments have resulted in appreciable improvement 
mechanical properties is observed. The carbon content is re- in the properties of heavier sections. Nevertheless, 
duced slightly at the center of the solid 5-in. section, Hall§ stated that differences in the rate of solidifica- 
tion and cooling between light and heavy sections 
Introduction will lead to considerable differences in physical prop- 

erties. 

ONE OF THE CHARACTERISTICS OF CAST STEELS that It is pointed out in a paper by Briggs and Gezelius® 
has evoked considerable neste the influence of on the effect of mass on the mechanical properties of 
sey Fears eae machanscnt yg fos - cast steels in the as-cast and annealed condition that 
pncetins See on grime ws mavens that the — the efforts of the above investigators were concen- 
be cagniannt of any variation im the poopetties of trated on “the effect of heat treatment upon the me- 


chanical properties in various sections rather than the 
* This work was the subject of a Master’s Thesis at the effect of the mass of the section upon the mechani- 
Massachusetts Institute of Technology. cal properties.” This latter paper is directed towards 
** Metallurgist, in charge of foundry operations, at Water- determining the effect of mass on the mechanical 
town Arsenal. properties of medium-carbon and medium-manganese 
+ Major, U. S. A. Ordnance Corps. . ; . j 
steels in from ]-in. to 8-in. sections. 


t+ Associate Professor of Mechanical Metallurgy at Massachu- : ; , ; 
setts Institute of Technology. It is concluded that “There is a loss in strength 
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and ductility, measured at the center of the section, 
as the mass increases.” Some recent papers!®!! have 
reported a slight loss of strength and considerable 
decrease in ductility in heavier sections for normalized 
as well as quenched and tempered steels. 

The influence of increasing section size upon the 
impact resistance of well-fed cast steels, however, pre- 
sents a somewhat different picture. The references 
that investigated impact properties as well as tensile 
tests to determine the influence of mass and heat treat- 
ment on the mechanical properties noted that either 
the impact resistance improved®® with increasing 
section size or that there was no definite trend!®!, 
The data from Lorig’s discussion'? as replotted by 
Briggs and Gezelius show increasing impact resistance 
with increasing section size of the casting but the 
majority of the impact resistance of specimens from 
the light section, attached coupons and separate keel 
blocks are higher than those from the heavier sec- 
tions. 

The results of impact tests must be interpreted with 
care. Impact tests (either Izod, V-notch or keyhole 
Charpy tests) show a transition from ductile (fibrous 
fracture appearance) to brittle (crystalline or granu- 
lar fracture appearance) as the testing temperature 
is decreased. The transition temperature is accom- 
panied usually by a sharp reduction in the amount of 
energy absorbed during fracture. The transition tem- 
perature and energy absorbed for any given steels de- 
pends upon the sharpness of the notch and the rate 
of loading used in any particular test. It has been 
shown" that the transition temperature is raised and 
the absorbed energy decreased with increasing 
strength. Other work!® indicates that the transition 





Fig. 1—As-cast test coupon casting showing gates and 
riser. 
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temperature and absorbed energy is lower in the key- 
hole notch Charpy impact test than either the Izod or 
V-notch Charpy. In the light of these effects, it is 
apparent, as previously shown,'*-1® that the results of 
the comparison of tests taken from different types of 
bars, for steels of different strength, or at only one 
temperature are apt to be misleading. 

When the impact data are re-evaluated in view of 
the above facts, the limited conclusions that can be 
drawn differ from those made previously. Since the 
strength of the heavier sections is generally lower, the 
higher energy absorbed during ductile fracture of 
these bars may be expected under some conditions 
and does not indicate intrinsically superior toughness 
for the metal from these sections. In fact, the only 
significant results'? found show that the transition 
temperature of the heavier sections of a casting is 
probably higher than for the lighter pieces. 

It is believed that the impact properties are of 
greater significance in determining the service be- 
havior of machines and structures than the per cent 
reduction of area or elongation reported from the 
tensile test. This hypothesis is advanced by Herres 
and Jones.'® True tensile loading occurs infrequently 
and large deformations before failure are extremely 
rare, so that little elongation under tensile loading is 
required. Most failures examined are usually of a 
brittle nature and originate at a notch, fatigue crack, 
or other discontinuity. Actually, steel that has the 
ability to deform plastically under nonaxial loads 
and in the presence of stress concentrators is required. 
This property is more nearly measured by the notch 
bar impact tests. Impact resistance is not essential 
in all structural parts but is required where stresses 
are concentrated, particularly at high rates of strain 
and low temperatures. Previous work!® has shown 
also that a higher endurance limit is associated with 
higher impact resistance. 

The causes of this variation in properties with 
changing section size in well-fed castings is of interest 
to metallurgists. Briggs and Gezelius® state that ‘“mi- 
crostructure, carbon segregation, and density values 
are responsible for the decrease of mechanical proper- 
ties as the mass increases."” A considerable amount of 
microscopic work and some chemical segregation an- 
alyses were carried out in this paper to determine the 
influence of these factors. 


Test Procedure 


Test Coupons—To investigate the effect of section 
size a 5-in. diam cloverleaf type of test coupon similar 
to that developed by Wayne, Bishop, and Taylor" 
was employed. The coupon was bottom-gated and 
well-fed by a top gravity riser as shown in Fig. 1, The 
soundness of this coupon was investigated. Sections 
were cut through the center of a solid block, polished 
and subjected to magnetic particle examination. In 
addition prints were made from an X-ray plate taken 
through a %.,-in. thick central slab. 

It is to be noted that the shrinkage cavity does not 
penetrate into the cloverleaf coupon in any of these 
methods of examination. Certainly, a test as severe as 
the radiographic examination of a longitudinal slice 








of 
ca 
we 


po 
me 
tre 
sle 
be 
eq 


J. F. Wattace, J. H. SAVAGE AND H. F. Taytor 


of the center of the block would reveal any shrinkage 
cavities that existed. The test pieces on the outside 
were | in. square and positioned to facilitate removal. 
Test bars were obtained from the center of this cou- 
pon by sectioning in a mechanical hacksaw. The test 
metal from the outside was quickly solidified; metal 
from the center was solidified at a correspondingly 
slower rate. The diameter of this type of coupon can 
be adjusted to obtain a solidification rate that is 
equivalent to any desired thickness of casting. 

A means of determining some of the causes of the 
variations in mechanical properties between the sur- 
face and center of cast sections was devised during the 
course of this work. This consisted of inserting a 
hollow, cylindrical shaped core within and concen- 
tric with the 5-in. diam coupon. The location of this 
core is shown schematically in Fig. 2. The core was 
a split and pasted, wire reinforced, baked sand core 
composed of a sand, silica flour, and core oil mixture. 
The core was designed to act as a barrier to the segre- 
gation of impurities into the center of the section 
without appreciably affecting the solidification and 
cooling rate of the center of the coupon. Undoubtedly, 
the solidification rate was increased to some extent 
by the core although no quantitative data are avail- 
able on this subject. 
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Fig. 2—Sketch indicating location of central core. 


Melting and Casting—Four heats of test blocks were 
cast to various commonly used alloy steel analyses. 
The approximate compositions are listed below: 





Elements, % 








Heat S Mn Si Cr Mo Ni S(max) P(max) Al 
R 0.30 0.60 OAO 0.60 0.30 1.75 0.025 0.015 2 Ib/tom 
Ss 0.30 0.80 0.30 0.80 — 1.50 0.025 0.015 1.5 lb/ton 
r 0.28 0.75 O.30 1.50 0.50 — 0.025 0.015 1.5 lb/ton 
U 0.30 0.75 O40 0.60 0.30 2.00 0.025 0.015 1.6 Ib/ton 
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Several solid and several cored 5-in. diam test coupons 
(to a total of 10) were poured from each heat. Ladle 
analyses were taken before the coupons were poured. 

Four 700-lb heats were melted in a high frequency, 
acid-lined induction furnace powered by a 960 cycle, 
330 KVA motor generator set. The charge consisted 
of excellent quality bar melting stock, pig iron, and 
ferro-alloys. Composition of the charge was controlled 
by weighing the constituents and allowing for losses 
of the oxidizable elements. No slag was added and 
the slag that formed was removed at convenient in- 
tervals. After a pouring temperature of approxi- 
mately 3050 F (optical pyrometer measurements) was 
obtained the heat was poured into a lip-pour ladle 
and deoxidized with calcium silicon followed by an 
addition of commercially pure aluminum wire. The 
metal was poured from the ladle into the test coupon 
sand molds at a temperature that varied from 3000 to 
2800 F depending upon the order in which the molds 
were filled. 

The ten rammed sand molds in which each heat of 
test blocks were cast consisted of AFS No. 60 grain 
fineness washed silica sand, with a 314 per cent mois- 
ture content and a 3 per cent Western bentonite bond. 
Mold surfaces were air dried overnight before pouring. 
The gates of the mold (see Fig. 1) were designed so 
that the castings were bottom poured and filled with 
smal] turbulence. Each riser was covered with an anti- 
piping insulation to prevent the top surface from 
freezing before the casting was completely solidified. 
The behavior of the cores was observed through the 
open riser as each mold was poured. If any indication 
of break-up occurred, the coupon was discarded. 

Sectioning and Heat Treatment of Test Coupons— 
The castings were permitted to remain in the sand 
molds until almost cold, then were shaken out, and 
the gates and risers removed. Four l1-in. square test 
pieces were cut from the outside and two I-in. square 





Fig. 3—Saw cut cross-section of casting with central 
core showing coupon location. 
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bars were cut as close as possible to the center of each 
solid test block; two outside pieces and the 1-in. diam 
bar of metal from the central core were removed from 
the cored blocks. The center pieces in the cored cast- 
ings were completely free when the riser was removed 
(see Fig. 3). 

Test bars were normalized after holding at 1950 T 
for 6 hrs, austenitized at 1650 for 1 hr, water quenched 
and tempered as shown in Table 1. The austenitizing 
temperatures were selected by experiment to yield a 
fine grain size and satisfactory carbide solution. The 
different analyses required various tempering treat- 
ments to obtain the desired hardness level. 


TABLE 1—HEAT TREATMENT AND MICROSTRUCTURE 
DATA 





Heat Tempering Treatment Aver. ASTMGrain Y% Austenite 
Temp., °F Time (hr) BHN Size Number As-Quenched 





R 1200 2 253 7-9 95 
S 1150 1 257 7-10 85 
= 1280 l 231 7-9 100 
U 1215 2 253 8-10 95 





It is to be noted that all specimens were cut from 
the blocks before heat treatment and all pieces heat 
treated were approximately l-in. square by 5 in. long. 
This procedure was followed in order to subject the 
various sections of the test coupon to identical heat 
treatments and to determine the intrinsic quality of 
the steel from these different locations. The properties 
obtained for the metal from the center of the coupon 
should not be considered as those that would be ob- 
tained were the test block heat treated in its original 
size. 

Mechanical Testing—Each outside piece was ma- 
chined into one tensile or two V-notch Charpy impact 
tests; the two bars from the solid center of the coupon 
were used for both tensile and impact bars; and the 
cored center piece was finished into either a tensile 
or two impact bars. All test specimen bars were the 
ASTM 0.505-in. diam standard tensile specimens with 
threaded ends. The impact test bars were the usual 
0.394-in. square 25,-in. long V-notch Charpy bars 
with a 0.010-in. radius notch. The two impact bars 
from each coupon were located one above the other 
within the 5-in. long heat treated piece. The tensile 
bars were fractured at room temperature in a machine 
equipped with an autographic strain recorder to ob- 
tain the yield point. The V-notch Charpy impact 
specimens were broken at temperatures ranging from 
room temperature down to —195 C to obtain a transi- 
tion of the fracture appearance from completely 
fibrous to granular. An impact testing machine with 
a capacity of 217 ft-lb and a striking velocity of 16.8 
fps was employed. 

Chemical Analysis and Microscopic Examination— 
Chemical analyses and microscopic examinations were 
made on several of the specimens. Chemical tests were 
taken from the outside and center of a solid and cored 
test broken from heats R and S to determine the 
amount of segregation of the various elements. Sam 
ples for microscopic examination were removed from 
the outside and center of the solid test coupons from 













all four heats in the as-quenched condition to detcr- 
mine the austenitic grain size and percentage of mar- 
tensite after quenching. Photomicrographs of repre. 
sentative specimens from the outside, solid center, and 
cored center were taken at 100 and 1000 diameters 
magnification in the tempered condition to determine 
the location of the nonmetallics, dendrites, and the 
principal microstructural constituents. 

Representative tensile and impact specimens were 
selected after breaking from heats R, S, and T for 
microscopic examination of the fractured surfaces, 
The samples are from the outside and center of solid 
coupons and include tensile tests together with fibrous 
and granular fractured impact bars. Six specimens per 
heat or a total of 18 were examined. The surface wa: 
nickel plated for protection and the bars were sec- 
tioned across the center of the fracture. The sectioned 
test bars were mounted in bakelite and examined 
under the microscope at 100X, first with only a very 
light picral etch (referred to as unetched), and then 
after etching with 4 per cent picral (etched). Photo- 
micrographs were taken of all 18 specimens in both 
the etched and unetched condition. The unetched 
samples reveal the position of the nonmetallics and 
the etched samples show the dendrites and some of 
the larger inclusions. 


Results and Discussion 


The chemical compositions obtained from the ladle 
analyses of the four heats are shown below: 





Eiements, °% 








Heat Mn Si S P NiCr Mo _Al_ 
R 0.265 0.04 +0325 0.017 0.014 1.69 0.63 0.28 0.055 
S 0.275 0.75 0.11 0.019 0.013 1.50 082 —_ 0.032 
T 0.19 0.63 0.360 0.023 0.015 1.62 0.495 0.029 
U 0.27 0.70 0.39 0.017 0.010 2.05 0.60 0.34 0.050 





With the exception of the lower carbon contents, the 
desired composition was obtained. The sulphur and 
phosphorus content is uniformly low in all heats. Ali 
steels possess sufficient hardenability to transform to a 
completely martensitic microstructure when a |-in. 
section is quenched in agitated water from the austen- 
itizing temperature. 

The majority of the results were analyzed in two 
steps: first, the variations in the mechanical proper- 
ties from the inside to center of the 5-in. section was 
observed; and second, the changes in the microscopic 
appearance and chemical segregation analyses were 
studied to explain these variations in properties. 

Mechanical Test Results—To compare the tensile 
and impact properties of different cast steels, a simi- 
lar heat treatment, grain size, microstructure, deoxi- 
dation practice, and hardness should occur in all 
steels. These variables have been shown!*-14-17.18 to 
influence the relationship of hardness to ductility and 
impact resistance. Table 1 contains the tempering 
treatments, ASTM grain size, average Brinell hardness 
numbers, and the percentage of martensite for all 
four heats. Each specimen was normalized, quenched, 
tempered, and water quenched from the temper in 
small sizes. 

The as quenched microstructure was essentially 
martensitic as required for optimum mechanical prop- 
erties.'> A uniformly fine grain size existed in all 
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ws TABLE 2—TENSILE TEsT RESULTS 
ir- 
re- Speci- Yield Speci- Yield 
nd men Strength Tensile men Strength Tensile 
No. 1% Offset, Strength, Elong.,  R.A., Fracture No. 1% Offset, Strength, Elong.,  R.A,, Fracture 
Ts psi, psi % % psi. psi % % 
ne ™ = abe . 
he Il. Heat R (CR-Ni-Mo STEEL) 
A. Tensile Bars from Outside of Castings Il. Hear S (Cr-Nt Sreet) (Cont.) 
R-I-l 106,250 124,500 19.0 53.8 C.P.* B. Tensile Bars from Center of Castings without Cores 
re R-1-2 106,875 125,750 19.0 55.7 CP. S-1-S 101,875 122,500 16.5 43.6 C.P. 
01 R-2-1 107,500 125,750 18.0 54.8 C.P. S-3-S 100,000 119,750 14.0 37.8 C.P. 
25, R-2-2 107,500 126,000 16.5 43.3 CP. S-5-S 108,750 125,500 16.0 41.8 C.P. 
id R-3-1 105,000 124,500 18.5 53.0 CP. S-7-S 105,000 122,750 13.5 35.6 C.P. 
R-3-2 108,125 127,250 17.5 50.5 Irr. Br. C, Tensile Bars from Center of Castings with Cores 
us R-4-1 104,375 123,500 18.0 51.0 CP. S-4-C 111,875 127,500 14.5 37.5 C.P. 
er R-4-2 108,750 126,750 18.5 55.1 CP. $-6-C 108,750 125,500 14.5 39.3 C.P. 
a R-5-1 105,625 124,500 16.5 44.8 CP. S-8-C 116,250 131,500 14.0 37.2 C.P. 
C- R-6-1 106,875 125,500 17.0 51.0 CP. S-9-C 110,000 127,750 14.5 37.8 C.P. 
d R-6-2 105,000 124,250 16.5 41.5 Irr. Br.** Ill. Hear T (Cr-Mo Sree) 
R-7-1 107,500 127,000 17.5 47.7 Irr. Br. A. Tensile Bars from Outside of Castings 
“d R-7-2 105,000 124,000 16.5 49.1 CP. T-1-1 92,500 111,250 20.0 59.8 C.P. 
ry R-8-1 105,625 125,000 17.5 19.4 C.P. T-1-2 95,000 113.250 21.0 57.5 C.P. 
n R-8-2 107,500 126,750 17.5 18.8 CP. T-3-1 93,750 111,250 21.0 63.2 C.P. 
o R-9-1 106,875 125,250 14.5 30.7 Irr. Br. T-3-2 95,000 112,750 20.5 61.3 C.P. 
h R-9-2 106,250 124,250 18.0 53.5 Irr. Br. T-5-1 91,250 110,000 21.5 63.2 C.P. 
| R-10-1 105,625 124,750 17.5 45.9 Irr. Br. T-5-2 88,125 108,250 21.0 63.9 C.P. 
d R-10-2 110,000 127,500 14.5 36.3 Irv. Br. T-6-1 94,375 112,250 20.5 61.5 CP. 
d B. Tensile Bars from Center of Castings without Cores T-6-2 95,000 113,500 20.5 61.0 C.P. 
of R-1-S 101,250 120,250 13.0 24.7 Irr. Br. T-7-1 88,375 108,000 21.5 60.8 C.P. 
R-9-S 103,750 121,750 12.5 24.0 Irr. Br. r-7-2 90,000 109,000 22.0 65.3 C.P. 
R-10-S 101,875 121,250 14.0 26.4 Irr. Br. r-8-1 92,500 111,000 21.0 60.3 C.P. 
C. Tensile Bars from Center of Castings with Cores T-8-2 92,500 110,750 21.0 59.5 C.P. 
R-2-C 105,625 123,500 16.5 41.2 C.P. B. Tensile Bars from Center of Castings without Cores 
€ R-4-C 107,500 125,250 15.5 38.7 CP. r-1-S 90,625 108,250 18.5 42.4 Irr. Br. 
R-5-C 106,875 125,000 15.5 40.3 CP. r-3-S 88,375 107,500 19.5 48.5 Irr. Br. 
R-6-C 106,250 124,350 15.5 39.0 Irr. Br. r-5-S 92,500 109,500 19.0 46.9 Irr. Br. 
& R-7-C 106,875 125,250 16.0 38.4 Irr. Br. r-7-S 86,250 105,250 18.0 49.9 Irr. Br. 
R-8-C 106.250 123.500 17.0 46.2 Irr. Br C. Tensile Bars from Center of Castings with Cores 
r Il. Hear $ (Cr-Nt STEEL) T-6-G 91,250 108,250 19.5 58.5 CP. 
; A. Tensile Bars from Outside of Castings P-8-C 88,750 108,000 15.5 49.3 CP. 
0 $-1-1 109,375 127,500 18.0 49.3 C.P IV. Heat U (Ce-Ni-Mo STEEL) 
- §-]-2 110,625 127,750 17.5 47.2 C.P A. Tensile Bars from Outside Coupons of Castings 
7 $-3-1 107,500 125,000 18.5 51.9 C.P U-2-1 106,250 123,250 18.5 = 54.6 CP. 
1 §-3-2 106,875 124.750 16.5 46.9 C.P U-2-2 108,000 123,750 19.5 55.1 CP. 
‘ §-4-] 111,250 128,500 17.0 48.5 CP. U-5-1 104,750 121,750 18.0 54.1 CLP. 
: §-4-2 110,000 126,250 17.5 48.5 C.P. U-5-2 104,500 121,500 17.0 49.6 CP. 
. $-5-1 108,125 125,500 16.5 19.6 CP. U-6-1 107,500 123,750 18.5 54.1 GP. 
§-5-2 106,875 125.250 17.5 49.6 CP U-6-2 106,250 123,000 18.0 51.3 CP. 
S-6-1 114,375 130,000 15.5 46.9 CP B. Tensile Bars from Center of Castings without Cores 
8-7-1 112,500 128.500 17.5 49.6 CP U-5-S 98,750 117,500 8.5 35.3 Irr. LGC} 
§-7-2 111,875 128.000 17.5 51.9 CP C. Tensile Bars from Center of Castings with Cores 
‘ §-8-] 114,375 130,000 16.5 49.3 CP. U-2-C 107,000 123,500 16.5 45.1 Irr. SGCtT 
§-8-2 112,500 128,000 16.0 49.9 C.P. U-6-C 108,750 125,250 16.0 44.5 Irr. P. 
$-9-1 115,000 131,250 16.0 48.2 C.P. *Cupped and Pitted 
S-9-2 113,125 130,000 16.5 49.1 C.P ** Irregular Break 
$-10-1 108,750 128,000 17.5 47.1 C.P + Irregular, Large Gas Cavities 
§-10-2 113,750 129,750 16.5 48.0 C.P +t Irregular, Small Gas Cavities 
heats—an additional requirement for optimum impact absorbed energy during fibrous failure. 
resistance.18 All tempering temperatures were above The complete tensile test results for heats R, S, T, 
, the reported embrittling range. Similar furnace prac- and U are listed in Table 2. The specimens have 
tice was employed and the percentage of aluminum ; : ; 
pe? , ? me »een arranged in three groups from each heat: the 
retained as residual aluminum metal was within a > : 
fairly narrow range and close to that which has been first group consists of those tensile bars taken from 
shown to be preferable for good toughness in cast the outside coupons; the second, the bars taken from 
steels.19 The hardness of heats R, S, and U were center of castings without cores; and the third, the 
directly comparable. This permits a direct compari- tensile bars taken from the center of the centrally 
son of the mechanical properties of these three heats. located sand core. The following averages of yield and 





Heat T, however, has a hardness of from 20 to 25 
Brinell Hardness Number less than the other three 
and, therefore, a slightly higher ductility and level of 





tensile strength, per cent elongation and reduction of 
area for the three groups of specimens in each heat 
are listed in the following table. 
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No. of 0.1% Offset % % 
Heat R Tests Y.S.psi T-.S.psi Elong. R.A. 
Outside coupons 19 106,800 125,000 17.3 48.0 


Solid-center coupons $ 102,300 121,000 13.0 25.0 

Cored-center coupons 6 106,560 125,000 16.0 40.7 
Heat S 

Outside coupons ] 

Solid-center coupons 

Cored-center coupons 
Heat T 

Outside coupons 12 92,200 111,000 21.0 59.7 

Solid-center coupons 4 89,500 108,000 18.7 47.0 

Cored-center coupons 2 90,000 108,100 17. 53.9 
Heat U 

Outside coupons 6 106,200 122,800 183 53.1 

Solid-center coupons l 98,750 117,500 8.5 35.3 

Cored-center coupons 2 107,875 124,375 163 448 


7 111,000 127,400 17.0 49.0 
4 104,000 122,000 149 38.0 
f 112,300 129,000 14.0 38.0 





These results show clearly that the outside coupons 
exhibit the best tensile properties in every heat. The 
coupons from the center of the solid cast test block 
had a somewhat lower yield and tensile strength in 
all cases than those from the outside. The ductility 
was markedly less at the center of the solid 5-in. sec- 
tion. The reduction of area value at the center de- 
creased from 80 per cent to nearly 50 per cent of the 
value at the outside on the different heats. It is 
notable that the ductility of specimens from the out- 
side of the various heats are similar for all heats 
except for the variation caused by the lower strength 
of steel T 

The tensile test results from within the sand core 
were affected by the presence of this core. The yield 
and ultimate strengths were similar to the outside 
values; the ductility was intermediate between the 
results obtained from the outer and solid center tests. 


Fig. 4—Specimens from casting without core. 
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Some quantitative variation in results from heat to 
heat is observable but the trend of results is the same 
for the three locations. 

The fracture appearance of the tensile test bars is 
further evidence of the decrease in ductility that 
accompanies increasing section size. Most of the test 
bars taken from the outside of the castings broke 
with a characteristic cup and cone and a necked-down 
section adjacent to the fracture. Those specimens 
from the solid casting centers fractured with consider- 
ably less reduction of area and the breaks were gener- 
ally very irregular. Many of the specimens removed 
from the core, however, showed appreciable necking. 
Typical center and outside specimens from castings 
without and with the central core are shown in Fig. 
4 and 5 respectively. 

The size of the fractured areas in these figures 
serves as a comparison of the reduction of area of 
each test. The two etched specimens in each figure 
were etched similarly, so that direct comparisons of 
the etched appearance can be made for both types of 
castings. It is apparent from both the fracture appear- 
ance and amount of pitting during etching that, in 
the case of the castings without the core, the metal 
taken from the outside bars is more uniform than 
that from the center. On the other hand, the differ- 
ence in appearance from outside to center is not 
nearly as marked for the specimens from the cored 
casting. 

The loss in strength and ductility at the center of 
the test coupon must be attributed to the quality of 
the metal at the center of the 5-in. section since the 
heat treatments received by all pieces are similar. The 
results are in agreement with the bulk of data re- 
ported in the literature?.*.+.91011 although the de- 
crease in strength and ductility is more than that 
reported by some investigators.®.!* 

The impact test results are reported as transition 
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Fig. 5—Spec imens from 60 
casting with core. 
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ture vs testing temperature over a - # samen eaten ohie 
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(cleavage). The results are listed d | | | 
in Table 3; the transition curves 46°80 400 -80 60 “40 -20 0 20 


are contained in Fig. 6, 7, 8, and 9 

for heats R, S, T, and U, respectively. The approxi- 
mate energy required for ductile fracture and the 
transition temperature* for each steel are listed in 
the table below: 





Heat Outside Tests Solid-Center Tests Cored-Center Tests 








Trans. Trans. Trans. 
Energy, Temp, Energy, Temp, Energy, Temp, 
ft-lb ‘< ft-lb °C ft-lb °C 
a 51 —60 50 —40 none taken 
S 44 —20 42 —20 none taken 
r 62 —65 5+ —55 none taken 
U 52 —85 48 —80 50 —85 





* Transition temperature is defined as the lowest temperature 
at which a fully fibrous appearing fracture is obtained. 


TESTING TEMPERATURE °C 


The tests from the outside metal exhibit slightly 
higher absorbed energy during ductile fracture and a 
slightly lower transition temperature. The over-all 
differences in impact resistance, however, are small. 
The relative toughness of the steel from the outside 
and center of the coupons is best compared for the 
four heats by an examination of the transition curves 
in Fig. 6 through 9. Even with the expanded testing 
temperature scale used, the curves for the outside and 
center metal lie very close to one another. The single 
transition curve of samples taken from the central 
core of heat U has approximately the same transition 
temperature and absorbed energy level as that from 
the outside coupons. No evidence of the higher energy 
absorbed during fracture of the metal from the heav- 
ier sections, as previously reported,®-® was found. In 
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TasLe 3—ImMpact TEsT RESULTS 
Specimen Testing Ft-Ib % Fibrous Specimen Testing Ft-Ib % Fibrou 
No. Temp. °C Charpy Fracture No. Temp. °C Charpy Fracture 
I. Heat R (Cr-Ni-Mo Sreet) B. Specimens from Outside of Castings without Cores. 
T-1-3-A — 40 62.8 100 
A. Specimens from Center of Castings without Cores. T-1-4-A — 55 60.0 100 
R-1-I1-A 0 50.6 100 T-7-4-A on @& 67.5 100 
R-1-I-B — 50.1 100 T-1-4-B —— @& 61.9 100 
R-10-I-A — 55 39.5 85 T-1-3-B — 70 47.9 80 
R-9-I-A ~— 70 35.4 70 T-7-3-A — 70 45.8 70 
R-9-1-B —100 20.8 15 T-5-3-B — 75 64.7 100 
R-10-1-B —130 6.4 0 T-5-4-B = 75 $2.2 25 
“o" ; = : ; T-7-3-B — 75 38.2 40 
B. Specimens from Outside of Castings without Cores. T-5-3-A _ 80 42.4 60 
R-10-4-B + 22 47.5 100 T-3-3-A — 90 29.1 20 
R-1-3-B — 40 54.6 100 T-3-3-B —100 21.1 15 
R-10-4-A — 55 45.3 100 T-3-4-A —_120 15.1 5 
R-1-4-A — 70 47.9 100 T-3-4-B —130 13.0 0 
R-10-3-B — 75 31.4 70 T-5-4-A _— 32.2 40 
R-9-4-A — 80 25.0 50 IV. Heat U (Cr-Ni-Mo STezx) 
R-9-3-B — 9 19.4 25 \. Specimens from Outside of Castings. 
R-10-3-A — 90 24.3 50 U-3-1-1 + 21.5 54.6 100 
R-9-3-A —100 19.8 30 U-8-1-1 + 21.5 51.9 100 
R-1-4-B —120 16.4 10 U-8-]-2 ca 50.1 100 
R-9-4-B —140 10.0 0 U-3-1-2 a ae 53.7 100 
ee ee: U-8-2-1 — 49.2 100 
Il. Hear S (Cr-Nt STEEL) U-3-2-1 _ 70 51.9 100 
A. Specimens from Center of Castings without Cores. U-9-1-2 = 16.2 100 
S-3-I-A 0 42.4 100 U-4-1-2 — 80 49.2 100 
S-1-1-B — 20 42.4 100 U-4-2-2 —- & 16.6 95 
S-7-I-A oe 37.0 — U-9-2-1 — 99 44.1 100 
S-1-1-A — 40 33.0 70 U-4-2-1 — 90 42.4 90 
§-7-1-B — 19.4 20 U-10-1-1 — % 39.1 70 
S-3-I-B — 16.8 30 U-4-1-1 —100 32.6 70 
S-5-I-A —100 7.5 0 U-9-1-1 —100 31.8 60 
S-5-I1-B -130 4.8 0 U-8-2-2 —-120 19.4 30 
is ; , ite aad P , U-3-2-2 —120 23.6 40 
B. Specimens from Outside of Castings without Cores. U-9-2-2 _150 14.8 10 
S-3-3-A + 24 43.2 100 U-7-1-1 —150 17.4 10 
S-1-3-B -- 20 44.1 100 U-10-1-2 __195 11.2 0 
S-1-4-A = 99 39.5 100 U-7-1-2 —195 9.2 0 
S-1-3-A — @ 37.0 90 B. Specimens from Center of Castings without Cores. 
S-5-3-A — 60 20.8 25 U-1-S-1 + 21.5 52.3 100 
S-5-3-B — 60 26.5 40 U-3-S-2 — 80 42.4 100 
S-1-4-B — 70 21.8 30 U-7-S-1 — 90 40.7 70 
S-3-3-B —100 7.5 0 U-3-S-1 —100 23.6 50 
S-3-4-B —130 5.8 0 U-1-$-2 —120 18.1 30 
i ie 7 U-7-S-2 —150 10.6 10 
If. Heat T (Cr-Mo Steet) C. Specimens from Center of Castings with Cores. 
A. Specimens from Center of Castings without Cores. t}-4-€-} + 21.5 52.8 100 
r-1-I-A — 40 51.4 100 U-4-C-2 ae 48.8 100 
r-3-1-A — 55 55.9 100 U-9-C-1 an SO 43.2 100 
l-7-1-B — 31.1 50 U-10-C-1 — 85 42.4 100 
T-7-1-A — 65 47.5 95 U-9-C-2 — 90 12.8 95 
r-t-I-B — 38.2 85 U-8-C-2 —100 35.0 80 
T-3-1-B ut 19.1 20 U-8-C-1 —120 24.0 40 
r-5-1-B 120 9.4 0 U-10-C-2 —150 17.7 20 











this case the differences in strength from outside to 
center were small and the better toughness was ex- 
hibited by the outside specimens. 

The similarity of the impact resistance of the speci- 
mens from the outside and center of the test coupon 
is surprising in view of the great differences in the 
tensile ductility of these steels. The amount of energy 
absorbed during fibrous fracture is believed to be 
associated with the per cent reduction of area ob- 
tained in the tensile test.2° There appears to be a 
slight correlation between the tensile ductility and 
impact resistance; heat R, with the greatest spread 
in reduction of area from center to outside, shows the 


greatest difference in transition temperature; and 
heat S, with the least difference in ductility, has the 
smallest difference in the transition temperatures. 
Generally, the correlation between the two is much 
smaller than anticipated. In steel R, for example, 
where the per cent reduction of area at the center is 
reduced to almost one half of the value at the outside, 
the impact resistance is similar at both these loca- 
tions. The same lack of agreement between tensile 
ductility and impact resistance is evident also in heats 
U, Sand T. Apparently, whatever reduced the tensile 
ductility of these cast steels at the center of the coupon 
has considerably less effect on the impact resistance. 
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Fig. 10—Photomicrographs of heat treated specimens 

from Heat R. Top, Outside of casting; Middle, Cen- 

ter of casting with core; Bottom, Center of casting 
without core. Picral etch. Mag. 100x. 


It is noted that, in this case, the lack of correlation 
between tensile ductility and impact resistance is not 
the result of different heat treatments. 

The toughness of the four steels is generally good. 
The energy absorbed during ductile fracture is com- 
mensurate with the hardness level and the transition 
temperatures are low. This good toughness is shown 
by the steels from the center of the section as well as 
the outside metal. It is evident, therefore, that satis- 
factory toughness can be obtained in the center of 
slowly solidified 5-in. sections as well as at the more 
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Fig. 11—Photomicrographs of heat treated specimens 

from Heat S. Top, Outside of casting; Middle, Center 

of casting with core; Bottom, Center of casting with- 
out core. Picral etch. Mag. 100x. 


quickly solidified surfaces, providing this metal re- 
ceives adequate heat treatment and feeding during 
solidification. This adequate heat treatment can be 
secured by employing steels of sufficient hardenability 
to quench to an essentially martensitic microstructure 
with the proper precautions to prevent embrittle- 
ment. 

Some of the differences in impact test results are 
of interest. The high energy absorbed during fibrous 
fracture of heat T is undoubtedly the result of the 
low strength of this steel. The higher transition tem- 
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Fig. 12—Photomicrographs of heat treated specimens 

from Heat T. Top, Outside of casting; Middle, Center 

of casting with core; Bottom, Center of casting with- 
out core. Picral etch. Mag. 100x. 


perature of heat S (0 per cent Mo) compared to the 
other heats lends further weight to the evidence** 
that molybdenum is a desirable alloy to obtain opti- 
mum toughness. Some of this decreased toughness of 
steel T, however, may have been caused by the larger 
amount of nonmartensitic microconstituents present 
in this heat. 

Microscopic Examination—Examination of the den- 
drites and inclusions at the various locations in the 
four steels reveals considerable differences from the 
outside to center of the coupon. The etched photo- 


Fig. 13—Photomicrographs of heat treated specimens 

from Heat U. Top, Outside of casting; Middle, Center 

of casting with core; Bottom, Center of casting with- 
out core. Picral etch. Mag. 100x. 


micrographs at 100X of the specimens from the out- 
side and center of the solid and cored coupons are 
shown in Fig. 10, 11, 12, and 13 for steels R, S, T and 
U, respectively. The tempered martensitic structures 
of the four heats are similar. The dendrites are larger 
and more pronounced in the slowly solidified samples 
from the solid center than in the quickly solidified 
outer layers. The metal from the cored central sample 
has a dendritic structure that was intermediate in in- 
tensity between the other two. The inter-dendritic 


material is apparently that which exists between the 
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Fig. 14—Photo of etched 
split half of tensile bar 
from outside (left) and 
from solid center (right). 
Mag. 5x. 





cross sections of the dendrite arms as reported by 
Hawkes and Brown.”* 

The inclusions are smaller and uniformly distrib- 
uted in the metal at the outside but in the center of 
the coupon have collected into the inter-dendritic 
areas, frequently in a chain-like arrangement. The 
size of the inclusions at the center has increased and 
the number decreased by agglomeration. This con- 
centration of nonmetallics at the inter-dendritic 
boundary has been observed by Harper and Stein.® 
As noted by these authors, no amount of homogeniza- 
tion, annealing, or other heat treatment will reduce 
this concentration or improve the ductility of the 
metal. The metal from the cored central tests shows 
a slight tendency for this agglomeration and segrega- 
tion of the inclusions but the majority are uniformly 
distributed. The photographed areas were selected to 
illustrate the distribution and nature of the inclusions 
and contain more than the average amount of non- 


metallics that appeared in the complete cross-sections. 

The inclusions present in the steel are the irregular- 
shaped clusters referred to as Type III by Sims and 
Dahle.?* This type of inclusion is undoubtedly the 
result of using a sufficient addition of aluminum to 
avoid the collection of sulphides at the primary grain 
toundary. This distribution permits the attainment 
of good ductility. 

Examination of the fracture path in the test speci- 
mens indicates the manner in which these dendrites 
and inclusions affect the behavior of the tensile and 
impact bars. Representative photographs of the etched 
half of tensile bars from the outside and center of 
the coupon are contained in Fig. 14. These photo- 
macrographs show the fine, light etching dendrites of 
the ductile tensile bar on the outside and deeper etch- 
ing, coarser dendrites of the relatively brittle center 
tensile specimen. Photomicrographs of unetched speci- 
mens illustrate the relationship between the fracture 





TABLE 4—SEGREGATION ANALYSES COMPARING CENTER AND OUTSIDE COUPONS 





Element, % 





Heat Location G Mn Si S P Ni Cr Mo V Al 
R Center bar with core —0.275 0.55 0.315 0.018 0.012 1.73 0.60 0.305 — 0.053 
R Outside bar 0.275 0.54 0.315 0.018 0.012 1.71 0.60 0.305 _ 0.054 
R_ Center bar without core 0.260 0.54 0.320 0.017 0.013 1.69 0.60 0.30 — 0.060 
R Outside bar 0.270 0.55 0.315 0.017 0.013 1.73 0.61 0.305 — 0.062 
S Center bar with core 0.29 0.78 0.36 0.021 0.012 1.50 0.82 — — 0.032 
S Outside bar 0.29 0.79 0.365 0.019 0.012 1.50 0.81 — as 0.031 
S Center bar without core 0.285 0.78 0.36 0.019 0.012 1.50 0.82 on — 0.032 
S Outside bar 0.29 0.80 0.365 0.021 0.012 1.52 0.82 nade a 0.032 
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Fig. 15—Solid metal taken from solid center of cou- 
pon. Photomicrograph at 100x of tensile test fracture 
and surrounding metal. Unetched. 


path and the inclusions; the etched samples demon- 
strate the influence of the dark etching inter-dendritic 
material. Usually the etched samples show the inclu- 
sions as well as the dendrites but in a few instances 
the inter-dendritic area has etched so darkly that it 
obscures the inclusions. 

Microscopic examination was conducted on the out- 
side and solid center samples from heats R, S, and T. 
Figures 15 through 26 containing photomicrographs 
of the samples from the various locations are shown. 





Fig. 16—Test metal taken from solid center of coupon. 
Photomicrograph at 100x of tensile test fracture and 
surrounding metal. Picral etch. 


Ihe nickel plate used to protect all fractured sur- 
faces appears as a white area in the photographs. 
The photomicrographs of the tensile test from the 
center of the coupons in Fig. 15 and 16 contain the 
same type of large, agglomerated inclusions and dark 
etching inter-dendritic areas shown previously. Exam- 
ination of the path of fracture demonstrates that the 
tensile break passes through several nonmetallic in- 
clusions, some of which are arranged in a chain-like 
form. The path of fracture follows the segregated 
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Fig. 17—Test metal taken from outside of coupon. 
Photomicrograph at 100x of tensile fracture and sur- 
rounding metal. Unetched. 


inter-dendritic areas that contain these inclusions and 
other impurities. 

Closer scrutiny of the fracture indicates the pres- 
ence of tears which occur within these inter-dendritic 
areas as contained in the center of the photomicro- 
graphs from heat R in Fig. 16. It appears that these 
inter-dendritic areas and inclusions are planes of 
brittleness in tensile tests cut from the segregated 
metal. When the tensile bar is loaded, cracks form 
within these areas and grow as the stress increases. 
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Fig. 18—Test metal taken from outside of coupon. 
Photomicrograph at 100x of tensile test fracture and 
surrounding metal. Picral etch. 


Eventually the effective load-bearing cross section of 
the bar is reduced sufficiently so that failure occurs. 
This cracking rather than ductile flow explains the 
poor ductility of a tensile bar from the slowly solidi- 
fied central portions of a heavy casting. 

Obviously, the influence of mass on ductility will 
vary with the segregation present in the steel. Severe 
segregation (particularly of inclusions) as shown for 
heat R will cause a sharp decrease in reduction of 
area; milder segregation as shown in heat S will result 
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Fig. 19—Test metal taken from solid center of coupon. 
Photomicrograph at 100x of ductile impact test frac- 
ture and surrounding metal. Unetched. 


in a smaller decrease in the ductility of tensile tests 
from the center of heavy sections. 

The tensile test from the outside metal has consid- 
erably less segregation and more uniform inclusion 
distribution. Figure 17 contains the unetched photo- 
micrographs from this steel and there is only a slight 
tendency for the fracture to follow these scattered in- 
clusions. Some nonmetallics are found in the fracture, 
as shown in heat T, but there is no evidence of chain 
inclusions forming planes of brittleness. The segre- 
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Fig. 20—Test metal taken from solid center of coupon. 
Photomicrograph at 100x of ductile impact test frac- 
ture and surrounding metal. Picral etch. 


gated areas of the metal from the outside of the 
coupon are much lighter than from the center and 
have appreciable tensile ductility. Considerable indi- 
cation of flow of the dendritic structure in the direc- 
tion of applied stress is in evidence. There is little or 
no indication that the inter-dendritic areas lie along 
the fractured surfaces or reduce the ductility. 
Photomicrographs of the path of fracture of the 
impact bars from the solid center reveal the chain-like 
clusters of inclusions in the unetched specimens (Fig. 
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Fig. 21—Test metal taken from solid center of coupon. 
Photomicrograph at 100x of brittle impact test frac- 
ture and surrounding metal. Unetched. 


19 and 21) and the highly segregated inter-dendritic 
areas in the etched specimens (Fig. 20 and 22). The 
inclusions and inter-dendritic areas do not appear to 
have influenced greatly the mode of fracture in either 
the ductile or brittle impact tests. A slight tendency 
of the fracture to pass through some of these inclu- 
sions and segregated areas is apparent and the impact 
resistance may have been influenced slightly. 

For the most part, as illustrated in steels S and T, 
the path of rupture avoids the large areas of non- 
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Fig. 22—Test metal taken from solid center of coupon. 
Photomicrograph at 100x of brittle impact test frac- 
ture and surrounding metal. Picral etch. 


metallics and segregates. The fracture of the impact 
test seems to progress so rapidly that there is no appre- 
ciable embrittling effect or stress concentration intro- 
duced by these nonuniformities. The small influence 
of inclusions and dendrites upon the fracture of im- 
pact bars appears to be the reason for the slight effect 
of mass upon impact resistance. 

The photographs of the brittle and ductile impact 
bars from the outside of the coupon have the same 
uniform distribution of nonmetallics and slight ten 
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Fig. 23—Test metal taken from outside of coupon. 
Photomicrograph at 100x of ductile impact test frac- 
ture and surrounding metal. Unetched. 


dency for segregated inter-dendritic areas previously 
noted for this quickly solidified metal. Examination 
of the fractured surfaces (Fig. 23 through 26) makes 
it clear that neither the nonmetallics nor dendritic 
pattern influence the path of fracture significantly. 
[n no case was any tendency for the fracture to follow 
the inclusions or segregated areas observed in either 
the ductile or brittle failures. 

The different structures observed in the photo- 
micrographs of the outside and center metal at 100X 


Fig. 24—Test metal taken from outside of coupon. 
Photomicrograph at 100x of ductile impact test frac- 
ture and surrounding metal. Picral etch. 


magnification is not as apparent at 1000X. Representa- 
tive samples of each type of metal contained in Fig. 
27 have the same finely divided, tempered martensitic 
microstructure at all locations. The dendritic pattern 
is much less in evidence at the larger magnification. 
The photomicrographs illustrate that the same micro- 
constituents were obtained in all specimens. 
Chemical Segregation Analyses—The results of the 
chemical segregation analyses from the outside and 
center of solid and cored coupons are listed in Table 





Fig. 25—Test metal taken from outside of coupon. 
Photomicrograph at 100x of brittle impact test frac- 
ture and surrounding metal. Unetched. 


1. The only significant segregation is a reduction in 
the carbon content at the center of the solid coupon. 
This slight carbon segregation (0.005 to 0.01 per cent) 
may be one of the factors, as previously reported,® 
that causes the loss in density and tensile strength of 
the center of the coupon. This carbon segregation 
does not occur in the center of the cored coupon. 
More carbon segregation would be anticipated in 


heavier sections. 
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Fig. 26—Test metal taken from outside of coupon. 
Photomicrograph at 100x of brittle impact test frac- 
ture and surrounding metal. Picral etch. 


General Considerations 


The results of the microscopic examination of vari- 
ous cast steels offer an explanation of the effect of 
mass on the mechanical properties of steel castings. 
The presence of heavily segregated inter-dendritic 
areas and large agglomerations of nonmetallic inclu- 
sions (frequently in a chain-like arrangement) in the 
slowly solidified metal from the center of the heavy 
castings results in a slightly lower strength and con- 
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Fig. 27—Photomicrographs of outside (bottom row) 
and center specimens (top row) in quenched and 


siderable reduction in ductility during tensile testing. 
The segregation of impurities and accumulation of 
inclusions in the metal from this location produced 
planes of brittleness within the test bar. Cracks form 
at these discontinuities as the load is applied and 
they lengthen with increasing load, resulting in even- 
tual failure. Consequently, the amount of plastic flow 
and perhaps even the load-bearing ability of the bar 
is reduced. 

Metal from the rapidly solidified outer portions of 
heavy castings or thin sectioned castings have a much 
finer, less segregated, dendritic pattern and a more 
uniform distribution of finer inclusions. Tensile 
tests from these locations are, therefore, not appre- 
ciably embrittled or weakened by this structure. The 
results of notch bar impact tests, however, are only 
slightly influenced by the presence of these large, 
segregated dendrites and chain-like inclusions in the 
metal from the central portions of heavy cast sections. 
Apparently, fracture occurs so rapidly during this type 
of test that tearing and cracking around these areas 
of brittleness does not proceed to such an extent that 
the impact resistance is affected greatly. 

The results of this investigation indicate that sound 
steel castings are suitable for universal use, including 
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drawn conditions without central cores. Picral etch. 


Mag. 1000x. 


highly stressed, shock loaded parts, in spite of these 
variations in tensile properties. Since there is evidence 
that notched-bar impact test results are of consider- 
ably greater significance in determining the service 
behavior of steel components, it is believed that heavy, 
well-fed castings can be produced and processed so 
that they can perform satisfactorily in severe service. 

Perhaps one of the recognized advantages of forg- 
ing—that it breaks up the dendritic structure of cast 
steels—is not as essential for some purposes as for- 
merly thought. It is even conceivable in some cases 
that forging will influence unfavorably the service- 
ability of a cast part (with its nondirectional proper- 
ties) by arranging the inclusions so that the part will 
be more apt to fail in a brittle manner transverse to 
the forging direction. The tendency for inferior 
toughness in that transverse forging direction has 
been reported by Herres and Lorig.** 

To obtain the good toughness in the center of heavy 
sections, such as shown in this investigation, it is nec- 
essary to employ a sound casting with the proper 
microstructural constituents (tempered martensite). 
The attainment of tempered martensite in heavy sec- 
tions requires the use of steels of adequate harden- 
ability for the section size and type of quench em- 
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ployed. Since such highly alloyed steels are subject 
frequently to temper brittleness,1* the combinations 
of alloys must be carefully selected, tempering treat- 
ments above the embrittling range used, and the 
castings quenched from the temper. 

Use of the sand core in the center of the coupon 
provides further information on some of the causes 
of mass effect, particularly on the tensile results. The 
absence of any carbon segregation from the outside 
to cored center sample indicates that the segregation 
of this element consists of a movement of higher 
carbon steel from the center towards the outside. The 
core acted as a barrier to the motion of this metal. 
It is suggested that this segregation is the flow of 
higher carbon, inter-dendritic, molten metal through 
the network of dendrites to provide metal for feeding 
the faster solidifying outside layers. This type of 
segregation is similar to that reported by Bishop and 
Fritz? for small steel castings. It is suggested further 
that this segregation is related to the decreased den- 
sity noted by Briggs and Gezelius® at the center of 
heavy sections. In any event, the absence of carbon 
segregation and possibly the lack of a difference in 
density eliminated any differences in strength of the 
specimens from the center and outside of the cored 
coupon. 

The presence of the core appears to reduce the 
severity of dendritic segregation to a small extent and 
greatly decrease the tendency for agglomeration of 
the inclusions in the inter-dendritic areas. No definite 
conclusion can be reached from the available data on 
the causes of these differences in structure. The core 
may have interfered with the transfer of metal from 
the center to outside of the coupon block or possibly 
produced a difference in the solidification rate at the 
center of the coupon. 

It does seem, however, in view of the relatively 
heavy inter-dendritic areas, that the rate of solidifica- 
tion was only slightly slower than that at the center 
of the solid block and that the principal effect of the 
core was to prevent the free movement and agglomer- 
ation of inclusions at the center. The absence of large 
aggregates of inclusions resulted in considerable im- 
provement in tensile ductility. Since the ductility 
was appreciably less than in the outer layers, it is 
indicated that the segregated inter-dendritic areas as 
well as the inclusions influence ductility adversely. 

The results of this work show the necessity for se- 
lecting the types of test coupons with care so that 
the mechanical properties of the coupons will be rep- 
resentative of the castings. The rate of solidification, 
rate of cooling, and exact heat treatment given each 
section of the casting should be duplicated in the part 
of the coupon tested as representative of that section 
of the casting. It is necessary, in addition, to have 
sound, well-fed coupons and castings. In practice, the 
best procedure is to use a test coupon with its maxi- 
mum thickness equivalent to the heaviest section of 
the casting and to heat treat this coupon together 
with the castings. Since the sand core or any such 
means of expediting the removal of the test piece 
from the coupon influences the mechanical properties 
of the test piece, its use is not permissible. 
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DISCUSSION 


Chairman: F. Kirer, Ohio Steel Foundry Co., Springfield, 
Ohio. 

Co-Chairman: G. W. JOHNSON, Vanadium Corp. of America, 
Chicago. 

G. A. Littiegvist’: Is the looseness of the microstructure at 
the center of the section, as illustrated, due to microshrinkage 
of segregation? 
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Mr. ‘TAytor: I believe the only “looseness’’ was a coarsened 
structure at the center of the coupon without the core. We did 
not find any lack of density as the castings were well fed. Any 
difference was surely due to segregation. However, this dif- 
ference was not reflected in the impact specimens. 

A. B. Sreck*: Did I understand the authors to say that they 
eot a lower carbon content in the interior and a higher carbon 
content at the surface of the casting? 

Mr. Taytor: The carbon content was 0.275 per cent on the 
outside and 0.260 per cent in the center. 

Mr. Litiiggvist: What impact value did you obtain on the 
specimen at the center of the section? 

Mr. TAytor: For the Cr-Ni-Mo steel at minimum 40 F, the 
outside coupon, we obtained an impact value of 52 ft-lb (V- 
notch Charpy) at roughly 253 Brinell hardness. 

Mr. Littiegvist: What was the sulphur and phosphorus con- 
tent? 


‘Director of Research, American Steel Foundries, East Chicago, Ind 
2Metallurgist, General Electric Co., Everett, Mass. 
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Mr. TaAytor: Quite low. The sulphur varied between 0.008 
and 0.021 per cent. 

CHAIRMAN Kiper: I believe the authors stated that the test 
coupon should represent the casting, or words to that effect. I 
do not know how that can be done. There is something about 
the strength of an integrally-cast part which cannot be measured 
by separately cast coupons. 


Mr. Tayior: I think that is correct: I am committed to the 
fact that a test coupon measures only the quality of the metal 
in the ladle. It is impossible for a test coupon to reproduce 
faithfully the properties of the various parts of the casting. 


If you are going to try to interpolate the value of a test 
coupon you must have in mind the fact that you cannot just 
take a piece and cast it separately, heat treat it, and expect it 
to represent what is inside the casting. The idea behind this 
was to find out what divergence could be expected as a result 
of segregation and cooling rate. I certainly could not endorse 
any expectations that a test coupon could reflect conditions in 
all parts of a casting. 








THE RELATIVE EFFECTS OF CHROMIUM AND SILICON 
CONTENTS ON RATE OF ANNEAL OF BLACK - HEART 
MALLEABLE IRON 


By 
J. E. Rehder* 


PART I: FIRST STAGE ANNEALING 


ABSTRACT 


Determination of the quantitative effects of chromium con- 
tent on the annealing rate of black-heart malleable iron in the 
first, or primary carbide decomposition stage, shows that chrom- 
ium neutralizes the graphitizing effect of from 4 to 5 times its 
weight of silicon. The retarding effect of chromium content on 
annealing rate can be compensated for by increased annealing 
time, increased annealing temperature, increased silicon con- 
tent, or a combination of all three since the effects are addi- 
tive. Charts are presented from which the necessary changes in 
annealing practice can be determined, 


Introduction 


ALTHOUGH IT HAS BEEN KNOWN for many years 
that small amounts of chromium adversely affect the 
annealing rate of black-heart malleable iron, quantita- 
tive determination of the extent of the retarding ef- 
fect of chromium on annealing rate has not to the 
writer’s knowledge been done. With the extensive 
use of duplex melting for malleable iron and the 
accompanying use of larger quantities of scrap in the 
charge, and with the steady increase of alloy residuals 
in all steel scrap, the question of handling the chrom- 
ium residual problem must be faced squarely. It is 
the object of the present paper to determine quanti- 
tatively the retarding effect of chromium in the an- 
nealing of malleable iron, as related to the silicon 
content, and to discuss remedial measures. 

Due to experimental difficulties, determination of 
the effects in second-stage annealing is not complete, 
and the present paper will discuss in detail first-stage 
annealing only. The experimental work on second- 
stage annealing is continuing and the results will be 
published when complete. 


Previous Work 


As mentioned above, detailed measurements of the 
retarding effect of chromium content at different sili- 
con levels has not to the writer’s knowledge been re- 





Published by permission of the Director-General of Scientific 
Services, Department of Mines and Technical Surveys, Ottawa. 


* Foundry Engineer, Mines Branch, Department of Mines and 
Technical Surveys, Ottawa, Ontario, Canada. 


244 


ported in the literature. Schwartz! in a review of 
the effects of chromium on malleable iron reported in 
the literature, gives a table showing the amounts ol 
graphite formed during first and second-stage anneal- 
ing, as affected by chromium content. Since the 
graphitization was not carried to completion in all 
cases, and there was apparently only one base compo- 
sition, the data are of limited use and simply corro- 
borate the fact that chromium is a powerful retard- 
ant of graphitization. In the same paper the state- 
ment is made that the addition of 0.305 per cent of 
chromium to an essentially chromium-free iron in- 
creased the time necessary to form a given amount of 
graphite in first-stage annealing by about three times. 
Details of the composition of the base iron were not 
given. 

In gray cast iron founding a rule of thumb fre- 
quently used in balancing silicon and chromium con- 
tents of alloy cast irons with respect to chilling tend- 
ency, is that they are about equal. This, however, 
has no necessary relationship with graphitizing rate 
in the solid state. 


Experimental Method 


Melting—The plan of experiment was to make up 
a series of white irons of several silicon contents, with 
at least three chromium contents at each silicon level, 
and determine the times necessary for annealing ol 
each iron. It was essential that other conditions and 
chemical constituents be maintained constant through- 
out. 

A 300-lb heat was made up of pig iron and steel 
scrap, with a little sulphur, and melted in the induc- 
tion furnace. The melt was heated to 1580 C (2880 
F) and poured into six 50-lb ingots. Before each in- 
got was poured, 50 per cent ferrosilicon was added to 
the furnace to increase the silicon content, waiting in 
each case for 3 min after all silicon was in solution, 
before pouring the ingot. The ingots were cast in 
metal molds, the chilling action ensuring that all 
ingots solidified completely white and free of primary 
graphite. This provided six ingots of the same com- 
position except with respect to silicon content. 
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Each ingot was then remelted in a 50-lb induction 
furnace, heated to 1580 C (2880 F), and successive 
\0-lb taps taken in a preheated hand-ladle. Small 
idditions of ferrochromium were made to the furnace 
before each tap, the metal being held at temperature 
for 3 to 4 min after the last chromium had dissolved. 
Each 10-Ib tap was poured into a 5-in. by 10-in. by 
4-in. thick plate in a green sand mold. 

By the above described procedure 24 plates were 
obtained, six levels of silicon with four chromium 
contents at each silicon level, with conditions essen- 
tially the same for each plate. The reason for 
holding the molten iron at temperature after each 
addition of ferrochromium was to obliterate the in- 
oculating effect of the added chromium. It has been 
the writer’s consistent experience that both ferro- 
chromium and ferromanganese, when added to a 
bath of molten white iron, have a strong inoculating 
or mottling tendency at first, in spite of their power- 
ful carbide stabilizing effects during subsequent an- 
nealing. 

In normal malleable iron foundry melting practice 
this mottling effect of an addition of ferromanganese 
to the bath is well recognized and iron should not be 
tapped from the furnace for at least 10 min after an 
addition to give the mottling effect time to disappear. 
In gray iron foundry practice it is well known in the 
automotive field that a small addition of crushed 
ferrochromium will frequently decrease a chill that 
resists other inoculants. 

These inoculating effects of additions of solid fer- 
rochromium or ferromanganese to a metal bath may 
be related to a deoxidizing effect, since chromium 
especially is nearly as powerful a deoxidizer as silicon, 
or to the inoculating effect of adding any cold solid 
granulated material to a bath of cast iron. There is a 
present tendency to regard the effects of adding pow- 
erful reducing agents or deoxidizers, such as alum- 
inum, titanium, or silicon, as entirely due to deoxi- 
dation. While there is undoubtedly some such effect, 
it is interesting to note that the addition of molten 
ferrosilicon to cast iron has little or no inoculating 
effect. 

However, the point is that by the above described 
procedure a series of plates were obtained of differ- 
ent silicon and chromium contents which are believed 
to be essentially uniform in other respects. The use 
of induction melting is not considered of importance, 
since the results obtained on annealing are of rela- 
tive interest among themselves, and there is no reason 
for believing that the relative results obtained will 
not be applicable directly to malleable irons melted 
by other means. 


Annealing—From cach of the plates obtained, a 
strip 34-in. wide was cut off all four edges with an 
abrasive cut-off wheel and discarded, to avoid edge 
effects. Dilatometer samples, used for first-stage an- 
nealing time determinations, were cut to be 4 in. 
square and 3 in. long. 

The dilatometer used for first-stage annealing de- 
terminations was a simple silica tube with a hollow 
silica push-rod operating a dial gage. Scaling was 








245 


eliminated by passing pure, dry nitrogen through the 
dilatometer tube via the hollow push-rod. The sample 
was inserted with the furnace and dilatometer stand- 
ing at 954 C (1750 F) and all first-stage annealing 
was done at that constant temperature. Control of 
temperature was + 2 F. All samples were checked 
metallographically after removal from the dilatometer. 

Nodule counts were made on all annealed samples 
at 50 diameters, and reported as number per square 
millimeter of the actual sample. 


Results 


In Table 1 will be found the chemical analyses of 
the plates used in the present investigation. Com- 
plete analyses for all elements were not performed 
since this was made unnecessary by the melting pro- 
cedure used. The two lowest silicon series, being at 
0.50 and 0.75 per cent silicon respectively, were not 
used since annealing times would have been prohibi- 
tively long. For the same reason the highest chrom- 
ium level (0.24 per cent) was not used. 


TABLE 1—CHEMICAL COMPOSITION OF SAMPLES FOR 














ANNEALING 
Plate Cc% Si,% Mn,% $,% P.% Cr, % 
3A 2.54 0.99 0.25 0.076 0.128 0.047 
3B 0.98 0.089 
3C 0.98 0.158 
tA 2.53 1.17 0.054 
4B 1.16 0.086 
4C 1.17 0.158 
5A 2.50 1.30 0.047 
5B 1.33 0.089 
5C 1.34 0.158 
6A 2.51 1.50 0.28 0.072 0.121 0.047 
6B 1.52 0.089 
6C 1.50 0.165 





Nodule counts on annealed specimens, each the aver- 
age of five determinations, are given in Table 2. 


TABLE 2—NopuLE Counts 





No. Nodules per 


Sample Sq Mm Sample 
3A ae . = 
3C 12 
4A 29 
4B 16 
4C 20 
5A 58 
5B 35 
5C 26 
6A 29 
6B 32 
6C 29 








The shape of the temper carbon nodules was af- 
fected to some extent by the chromium content, espe- 
cially at lower silicon content, where a filling-in and 
rounding effect was noticed at the highest chromium 
content. In Fig. 1 to 4 inclusive are shown examples 
from the extremes of silicon and chromium content 
used. It was noted during metallographic examina- 
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Fig. 1—Sample 3A. 0.99 Si, 0.047 Cr. Unetched. 100. Fig. 2—Sample 3C. 0.98 Si, 0.158 Cr. Unetched. < 100. 
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Fig. 3—Sample 6A. 1.50 Si, 0.047 Cr. Unetched. 100. Fig. 4—Sample 6C. 1.50 Si, 0.165 Cr. Unetched. 100. 
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tion that in all samples the manganese sulphide in- TABLE 3—ANNEALING TIMES ™ 
clusions were of the small, compact type. 
The times wenney tor © Leet f Gret-stace First Stage, Hr 
e times necessary for completion of first-stage Semple at 1750 F an 
annealing at constant temperature are given in Table o popitiaiensii th - 
ee » e e C 
3. The precision of these values is approximately 10 a a - 
per cent. The results are shown graphically in Fig. 5. 4A 65 iu 
: : 1B 8.5 ar 
Discussion of Results iC 16.0 sh 
, ‘ : 5A 1.25 
From consideration of the chemical analyses shown AB 6.25 sl 
in Table 1 and the manner in which the melts were 5C 10.0 m 
prepared, it is believed that a series of plates were - 4 co 
obtained which were essentially uniform except with or: 70 in 
respect to chromium and silicon contents, and that sh 
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Fig. 5—Annealing time vs Cr and Si contents. 


the results of annealing time determinations per- 
formed represented real changes due to the effects of 
variation of chromium and silicon contents. 


Nodule Counts—The results of nodule counts given 
in Table 2 are indefinite, except that broadly speak- 
ing the lower silicon contents and higher chromium 
contents gave lower nodule counts. Certainly the re- 
tarding effect on annealing rate of increasing chrom- 
ium content and decreasing silicon content cannot be 
accounted for quantitatively by changes in the num- 
ber of temper carbon nodules formed per unit vol- 
ume. The shapes of the nodules were also not altered 
seriously by changes in chromium content, except at 
low levels of silicon. 


Annealing Times—It will be noted that the results 
in Table 3, when plotted on semi-logarithmic paper, 
as in Fig. 5, show straight lines, within experimental 
error. It is well to remember that when a logarithmic 
plot is used, and straight lines are found to represent 
the results, the data may be interpreted as percent- 
age changes which are true no matter what the actual 
or initial time or times may be. For this reason such 
logarthmic paper is frequently called “percentage 
paper.” This fact is very useful, and makes possible 
general treatment that is applicable to laboratory as 
well as to foundry or annealing room data. 


Chromium versus Time—It is evident from Table 3 
and Fig. 5 that as silicon content decreases, the lines 
relating chromium content to annealing time are of 
steeper slope, meaning that a given increase in chrom- 
ium content causes a greater percentage increase in 
annealing time as silicon content is lower. If these 
slopes are measured for each silicon level and the 
slopes plotted against silicon content, an average line 
may be drawn that gives the slope at any desired sili- 
con level. These, converted to pezcentages, are given 
in Table 4, and in graphica: form in Fig. 6. It 
should be remembered that although the Table gives 


no 
oe 
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results to the first place of decimals, the accuracy is 
not better than about one in ten, which is, however, 
sufficient for commercial use. 


TABLE 4 





Percentage Increase in Annealing 


Silicon Content, Time made necessary by each Increase 


Per Cent of 0.01 per cent Chromium Content 
0.90 10.9 
1.00 10.4 
1.10 9.8 
1.20 9.2 
1.30 8.7 
1.40 8.1 
1.50 7.6 





For example, if a white iron of about 2.5 per cent 
carbon content, 1.2 per cent silicon content, and 0.04 
per cent chromium content was being satisfactorily 
annealed in, say, 20 hr at 1700 F first-stage annealing; 
an increase in chromium content of 0.03 per cent 
(making a total of 0.07 per cent chromium) would 
necessitate the first-stage annealing time being ex- 
tended from 20 hr to a new time of 20 plus 27 per 
cent (from Fig. 6) or 2514 hr. Similarly, an increase 
in chromium content of 0.08 per cent would require 
an increase of 74 per cent in annealing time (at 1.2 
per cent silicon), or a new first-stage annealing time 
of 35 hr. Commercially the length of first-stage an- 
neal is usually longer than necessary, to take care of 
normal variations in composition and plant practice, 
and a small increase in chromium content may cause 
little trouble. If, however, the safety factor is to be 
maintained, as it should, the annealing time must be 
extended as chromium content rises. 
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Fig. 6—Increase in first-stage annealing time made 
necessary by each increase in Cr content of 0.01 per 
cent. 
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Chromium versus Temperature—It is well known 
that increasing the annealing temperature decreases 
the annealing time, and the relationship has been 
shown by Rehder? to be essentially constant for vari- 
ous types of iron. It is apparent that if an increase 
in chromium content has increased the necessary an- 
nealing time, the time may be decreased again by 
raising the temperature of anneal. By comparing the 
data in Fig. 6 and the temperature—annealing rate 
data published by Rehder,? it is possible to deter- 
mine by what amount first-stage annealing tempera- 
ture must be increased to compensate for a given in- 
crease in chromium content. Results of such compari- 
son are given in graphical form in Fig. 7. 

It will be noted that the increases in annealing 
temperature in this case are degrees F, not percent- 
ages. Using again our example of a 2.5 per cent car- 
bon, 1.2 per cent silicon, 0.04 per cent chromium 
white iron which annealed satisfactorily in the first 
stage in 20 hr at 1700 F; an increase in chromium 
content of 0.03 per cent (to 0.07 per cent total) could 
be compensated for by increasing the annealing temp- 
erature (see Fig. 7) by about 30 F, making a new first- 
stage annealing temperature of 1730 F. Similarly, an 
increase in chromium content of 0.08 per cent (at 1.2 
per cent silicon) would require an increase in anneal- 
ing temperature of 75 F, or a new first-stage anneal- 
ing temperature of 1775 F if the annealing time were 
to remain constant at 20 hr. 

However, in the latter case it would be unwise to 
use a 1775 F annealing temperature due to possible 
trouble from sagging and scaling of castings, 1750 F 
being considered the safe maximum. In such case, 
part of the effect of the increased chromium content 
could be compensated for by increasing the annealing 
temperature from 1700 to 1750 F, and the remainder 
by increasing the annealing time, since the effects are 
additive. 

It should be noted that there is a useful coincidence 
in the graphs of Fig. 6 and 7, in that a given increase 
in chromium content requires about the same amount, 
in degrees F increase in annealing temperature or per- 
centage increase in annealing time, for compensation. 
Taking into consideration commercial tolerances and 
the accuracy of the present work, the rule could be 
formulated that for compensation of each 0.01 per 
cent increase in chromium content, either the an- 
nealing temperature should be increased by 10 F or 
the annealing time should be increased by 10 per cent. 


Chromium versus Silicon—Since silicon is a powerful 
accelerator of graphitization, and chromium is a re- 
tardant of graphitization, it should be, and is, pos- 
sible to compensate for increased chromium content 
by increasing the silicon content. This refers of course 
to silicon in the charge, and not to the special effects 
of a late or ladle addition of silicon, which latter in 
all probability would cause serious mottling of the 
castings. This relationship has been worked out from 
the data in Table 3 and Fig. 5, with data previously 
published by Rehder? and may be summarized by 
the statement that for a carbon content of approxi- 
mately 2.5 per cent, and silicon contents between 1.0 
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Fig. 7—Increase in first-stage annealing temperature 
necessary to compensate for an increase in Cr content. 


and 1.6 per cent, each 0.01 per cent increase in chrom- 
ium content requires an increase in silicon content 
for equal annealing time of from 0.05 per cent silicon 
at 1.5 silicon to 0.04 per cent silicon at 1.0 silicon. 

It should be noted that as carbon content increases, 
the effectiveness of silicon as an accelerator of graphi- 
tization apparently decreases, and so at higher carbon 
contents more than the above noted amounts of sili- 
con will be necessary to compensate for chromium 
content. 

Using again our example of a 2.5 per cent carbon, 
1.2 per cent silicon, 0.04 per cent chromium white 
iron that anneals satisfactorily in the first stage in 20 
hr at 1700 F; an increase in chromium content of 0.03 
per cent can be compensated for by increasing the sili- 
con content by about 0.05 times 3, or 0.15 per cent, 
to a new level of 1.35 per cent. It will be evident 
immediately that the use of increased silicon content 
to compensate for increased chromium content is of 
limited commercial value, since mottle in heavier sec- 
tions will probably be produced when an increase of 
more than about 0.02 per cent in chromium content 
is compensated for by increase in silicon content. 

It should be noted well that no determinations of 
the effect of chromium content on mottling tendency 
were made in the present study, and to the writer's 
knowledge little is known on the subject.’ Until the 
anti-mottling, or whitening, power of chromium con- 
tent (if any) is well established, it is considered safer 
to assume that it has no effect on mottle. If the mot- 
tling tendency of higher silicon irons could be de- 
creased by other methods or additions, such as bis- 
muth,® the use of silicon as a compensator for chrom- 
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ium content in malleable iron annealing would have 
greater practicability. 


Compensation for Increased Chromium Content—By 
a combination of the methods described above, com- 
pensation for the effect of increased chromium con- 
tent can be made appreciable. Taking again our ex- 
ample of a 2.5 per cent carbon, 1.2 per cent silicon, 
0.04 per cent chromium iron that anneals satisfactor- 
ily in the first stage in 20 hr at 1700 F; and assuming 
that the maximum safe annealing temperature is 1750 
F and the maximum safe increase in silicon content 
is 0.10 per cent, what would be the new annealing 
conditions for an increase of 0.110 per cent chromium 
content? 


From Fig. 7, since the maximum permissible in- 
crease in annealing temperature is 50 F, it is seen 
that 0.055 per cent increase in chromium can be com- 
pensated for in this way. Again, the permissible in- 

0.10 

crease in silicon content represents 5 or 0.02 
per cent chromium that can be compensated for in 
this way. Of the total increase in chromium content 
of 0.110 per cent, 0.055 plus 0.020 or 0.075 per cent 
can be compensated for by increases in annealing 
temperature and silicon content. This leaves 0.110 
minus 0.075 or 0.035 per cent to be compensated for 
by increased annealing time, and from Fig. 6 this is 
found to be about 30 per cent, making a new anneal- 
ing time of 20 plus 6 or 26 hr. The new conditions 
for an increase in chromium content of 0.110 per 
cent are then a 26-hr anneal at 1750 F, with 1.30 per 
cent silicon content. 


Second-Stage Annealing—Some preliminary results 
have been obtained for second-stage isothermal an- 
nealing times as affected by chromium content. These 
indicate that at higher silicon levels, about 1.5 per 
cent, each 0.01 per cent increase of chromium content 
increases second-stage annealing time by about 12 
per cent, and at lower silicon levels the retarding 
effect of chromium increases to still higher levels. In 
other words, chromium has a greater retarding effect 
on second-stage annealing, as a percentage, than it 
does on first-stage annealing. As mentioned above, 
work is continuing on this part of the investigation. 
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Conclusions 

From the data and discussion presented above, cer- 
tain conclusions may be drawn. It should be noted 
that the reference carbon content is approximately 2.5 
per cent. 

1. Chromium retards the graphitization rate of 
white cast iron, each 0.01 per cent increase in chrom- 
ium content increasing the time necessary for com- 
plete first-stage anneal by from 11 per cent at 0.9 per 
cent silicon content, to 8 per cent at 1.5 per cent 
silicon content. 

2. The increase in silicon content necessary to com- 
pensate for a given increase in chromium content, 
with respect to first-stage annealing time, is from 4 to 
5 times the increase in chromium content. 

3. The retarding effect on annealing rate of an 
increase in chromium content can be compensated 
for by increasing the annealing time, or increasing 
the annealing temperature, or increasing the silicon 
content. A combination of these effects may be used, 
since they are additive, and limitations due to mottling 
from too high silicon content or warping due to too 
high annealing temperature thereby avoided. 

4. As a practical rule, assuming approximately 2.5 
per cent carbon content and 1.1 to 1.5 per cent sili- 
con content, the effect on first-stage annealing rate 
of each increase of 0.01 per cent chromium content 
can be compensated for by increasing the annealing 
time by 10 per cent, or increasing the annealing 
temperature by 10 F, or by increasing the silicon con- 
tent by 0.05 per cent. 

5. The effect of chromium content, in the range 
0.04 to 0.16 per cent, on the shape and number of 
temper carbon nodules is not large, and is not be- 
lieved sufficient to account for differences in anneal- 
ing rates solely on the basis of migration distance of 
carbon atoms. 

6. The retarding effect of a given amount of chrom- 
ium on the rate of second-stage annealing is larger 
than 1s the effect in the first stage of anneal, and prob- 
ably increases more rapidly as silicon content de- 
creases. 
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PART II - SECOND STAGE ANNEALING 


ABSTRACT 


Using the same samples of white iron with different silicon 
and chromium contents as used for determination of first-stage 
annealing times in Part I of this paper, determinations were 
made of the isothermal second-stage annealing times, and the 
maximum rates of cooling through the critical temperature 
range for complete elimination of pearlite. It is shown that 
chromium neutralizes the graphitizing power of from 7 to 8 
‘imes its weight of silicon in as-cast samples for second-stage 
annealing. Compensation for the stabilizing effect of chromium 


in second-stage annealing consists of using slower cooling 
rates through the critical temperature range, and, if necessary, 
then holding at subcritical temperature until pearlite is elimin- 
ated. 

This paper is a direct continuation cf the work on 
first-stage annealing reported in Part 1 using the 
same samples. A description of the preparation of the 
samples will not be repeated here, since complete de- 
tails have been given. 
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Experimental Method 


One-quarter inch thick as cast plates, at four silicon 
contents and three different chromium contents at 
each silicon content, formed the base irons as de- 
scribed previously. The dilatometer used then for 
first-stage annealing was used in the present work to 
obtain the time neeessary at constant temperature of 
716 C (1320 F) to completely decompose al] pear- 
litic cementite, after a first-stage anneal correspond- 
ing to that previously found necessary. 

However, it soon became apparent that the dilato- 
metric method would be suitable for only a few of the 
more easily annealed compositions, since the curve of 
dilation versus time became a very shallow asymptote 
that was difficult to assess accurately. The results ob- 
tained were checked metallographically, but even this 
method became tedious for the samples with longer 
annealing times. 

Although isothermal data are more easily inter- 
preted quantitatively, in commercial malleable an- 
nealing practice second-stage annealing (elimination 
of pearlite) is nearly always carried out by slow cool- 
ing through the critical temperature range. The ex- 
perimental procedure was therefore changed to that 
of determining the most rapid rate of cooling through 
the critical temperature range which would give com- 
plete elimination of pearlite. To do this, 1 by Y-in. 
sections of the 4-in, thick plates were packed in cast 
iron chips in short sections of 14-in. steel pipe, and 
placed in a furnace standing at 954 C (1750 F). 

After holding at this temperature for a sufficient 
time to complete first-stage annealing, the furnace and 
contents were cooled to 788 C (1450 F) in about 20 
min, and a rate-of-cool controller switched on. From 
788 C (1450 F) to 716 (1320 F) the cooling was at a 
controlled rate, after which the sample was removed, 
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Fig. 8—Maximum Cooling Rates ‘through Critical 
Temperature Range for Complete Elimination of 
Pearlite in As-Cast Samples. 
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cooled, sectioned, polished and etched, and examinec: 
under the microscope for traces of pearlite. If pear 
lite was present, the run was repeated with a fresh: 
sample at slower rates until a sample was free of peat 
lite (completely ferritic in matrix). This procedure 
was repeated for all samples. 

It was found that for the lower silicon content, 
higher chromium content irons, cooling rates through 
the critical temperature range of | F per hr or less 
were required for complete elimination of pearlite. 
Considering the relatively thin as-cast section, this 
represented cooling rates far below any commercially 
practicable, and so experimental cooling rates below 
about 2 F per hr were not used. 


Results 


The results of the isothermal annealing work are 
given in Table 5. Where not specified in this paper, 
results are accurate to 10 per cent. In Table | the 
longer times are less certain in accuracy. 


TasBLe 5—TIME NECESSARY AT 1320 F To ELIMINATE 
ALL PEARLITE. As CAstT SAMPLES 








Sample Time, hr 
6A 18 
6B 37 
6C 65-70 
5A 30 
5B 60-65 
$A 37 
1B 75-85 





The maximum permissible cooling rates through 
the critical temperature range for elimination of all 
pearlite are given for as cast samples in Table 6. In 
each case, use of a cooling rate 10 per cent or less 
more rapid, will result in the presence of traces of 
pearlite. The results are given in graphical form in 
Fig. 8, and it will be noted that the silicon content 
is plotted on a logarithmic base. 


TABLE 6—MAXIMUM COooLiNnG RATES THROUGH CRITIC- 
AL TEMPERATURE RANGE FOR COMPLETE ELIMINATION 
OF PEARLITE. As-CAsT SAMPLES 





Cooling Rate, 
Sample Deg F per Hr 
— ae 
6B 6 
6C 1% 
5A 9 
5B 5 
4A 7 
4B 3 
3A 3 





Since it is known that when isothermal second-stage 
annealing times are plotted versus silicon content on 
log-log paper a straight line results, and since the 
only plot that gives straight lines for cooling rate 
versus silicon content is on semi-logarithmic paper, it 
would appear that a plot of maximum cooling rate 
versus isothermal annealing times at a given tempera- 
ture should also be a straight line on semi-logarithmic 
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Fig. 9—Isothermal Annealing Times at 1320 F versus 
Maximum Cooling Rate through Critical Tempera- 
ture Range. 


paper. This was checked with the data available, as 
shown in Fig. 9. 


Discussion of Results 


Isothermal Annealing—Comparison of these results 
with those given previously for first-stage annealing 
indicates that chromium is quantitatively more re- 
tarding in its effect on annealing rate in the second 
stage than in the first stage. Since the data are not 
extensive and isothermal second-stage annealing is 
not of particular importance commercially, these re- 
sults will not be discussed further directly. 


Slow-Cool Annealing—It is evident from the data 
given in Table 6 and Fig. 8, that chromium neutral- 
izes the graphitizing effect of silicon in marked degree. 
For example if a cooling rate through the critical 
temperature range of 514 F per hr were satisfactory for 
a silicon content of 1.10 per cent and a chromium 
content of 0.047 per cent, then if the chromium con- 
tent increased to 0.089 per cent the silicon content 
would have to be increased to 1.43 per cent for the 
same cooling rate to effect a full anneal. That is, an 
increase in chromium content has neutralized the 
graphitizing effect of 7 to 8 times its weight of silicon. 
This is evidently a more powerful effect than obtain- 
ing in first-stage annealing, where the ratio is 4 or 5 
to 1. 

Since it is impractical commercially to increase sili- 
con content sufficiently to neutralize the effects of 
any serious increase in chromium content, due to the 
danger of mottle, the only recourse if chromium con- 
tent increases is to decrease the cooling rate to the 
slowest practicable and if full anneal is still not being 
obtained, to hold in the range of 1250 to 1330 F, after 
slow cooling, until full anneal is achieved. Normally 
most malleable foundries operate under conditions 
such that there is some leeway or safety factor in the 
combination of iron metallurgy and annealing cycle 
used, so that the effects of small increases in chrom- 
ium content are automatically absorbed. If chromium 
content is rising to a dangerous level, the first sign 
will be a deepening of pearlitic rim, followed, if 
chromium continues to increase, by traces of pearlite 
in the center section which rapidly increase in amount 
with chromium content, 
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It is of course hardly necessary to mention that the 
actual values reported in this paper for suitable cool- 
ing rates for full anneal cannot be directly used in 
commercial annealing operations, as it is well known 
that the values are affected by melt history, section 
size, and other variables. However, the relationships 
between values reported are expected to be true for 
other conditions. 


Cooling-Rate vs Isothermal Time—The graph shown 
in Fig. 9 indicates that the relationship is in fact 
semi-logarithmic, as was expected from the other re- 
lationships mentioned. It is interesting to note that 
this relationship suggests different mechanisms of 
graphitization in slow-cooling and in isothermal hold- 
ing, since at high permissible cooling rates, total an- 
nealing time is shorter than isothermally, whereas 
for very slow permissible cooling rates, slow-cooling 
takes longer than the isothermal process. This is in 
agreement with metallographic observation, the iso- 
thermal subcritical anneal consisting entirely of de- 
composition of pearlite, while during slow cooling the 
austenite appears to decompose directly to ferrite and 
graphite without intermediate visible formation of 
pearlite. 


Conclusions 


From the data presented above, the following con- 
clusions are drawn: 

1. The limited amount of data on annealing time 
at constant subcritical temperature indicates that a 
given amount of chromium retards secénd-stage an- 
nealing more severely than it does first-stage anneal- 
ing. 

2. Whereas the retarding effect of chromium in 
first-stage annealing neutralizes the graphitizing ef- 
fect of from 4 to 5 times its weight of silicon, in sec- 
ond-stage annealing the ratio is one to 7 or 8. 

3. Since the effect of chromium as a retardant of 
anneal is larger in the second stage of anneal than 
in the first stage, the compensation of the effect of 
chromium content by increasing the silicon content 
must follow the 7 or 8 to 1 ratio, and under these 
conditions it is not of commercial importance to at- 
tempt to compensate for chromium by increasing the 
silicon content, due to danger of mottling. 

4. In commercial annealing of normal as-cast mal- 
leable (white) iron, the only recourse if chromium 
content increases to a level where pearlite is retained 
in the final product, is to use a slower cooling rate 
through the critical temperature range, and if the 
slowest obtainable rate is not sufficient, to subsequent- 
ly hold the charge in the temperature range of 1250 
to 1330 F for a sufficient length of time to eliminate 
the remaining pearlite. 

5. It is evident that compensation for the carbide 
stabilizing effect of chromium must be made separ- 
ately for first and second stage annealing, following 
the rules developed in Parts I and II of this paper. 


DISCUSSION 


Chairman: C. F. LAvenstrein, Link-Belt Co., Indianapolis, Ind. 
Co-Chairman: F. CoGuuin, Jr., Albion Malleable Iron Co., 
Albion, Mich. 








252 


J. H. Lansinc:* Mr. Rehder’s paper is most interesting. It 
would be well if he would point out what differences he found 
in ultimate strength, yield point, and elongation between the 
material with no chromium and the same material with 0.06, 
0.07 or 0.08 chromium. 

Mr. REHDeER: Originally it was planned to do this work strictly 
on the metallurgy involved and then on the basis of results from 
a commercial malleable iron foundry, where bars of different 
chromium contents would be made up, and after suitable anneal- 
ing to determine mechanical properties. However due to time 
limitations the work on mechanical properties was not done. 

R. SCHNEIDEWIND: * Mr. Rehder presented quantitative and 
systematic data most valuable to malleable foundrymen, on the 
effect of chromium on the annealing rate of white irons. As in 
all of Mr. Rehder’s papers, complete data are given so that his 
results can be intelligently studied. He has given the industry 
a clear and quantitative picture of the great retarding influence 
of chromium on the annealing of white cast iron. There can 
be no question as to his technique or results. I want to compli- 
ment Mr. Rehder on giving us data which we can add to the 
original data and study further. 

I have a few questions regarding things which the paper does 
not intend to deal with. For example, if the data in Tables | 
and 3 are plotted with the log of time as ordinate and the log 
of silicon as abscissa, we would get three straight and parallel 
lines as you would expect. These lines that are obtained repre- 
sent the relationship of silicon on time of first-stage annealing 
at the three chromium levels. .The slope of these lines is about 
—3.1 rather than around —2.0 as Mr. Rehder found in his paper 
in 1949. (See A. F. S. Transactions, vol. 57, 1949, pp. 173 and 
549). It is possible in view of the greater accuracy and control 
in the present work that the value of —3.1 is a better figure than 
--2.0. Does the author have any opinions on this subject? Also, 
why are there no zero chromium data? I am sorry Mr. Rehde1 
did not run a guinea pig heat with zero chromium. 

What are the author’s limits of accuracy indetermining anneal- 
ing time so that further study can be made of the data? It is 
plus or minus 4 hr, | hr, or plus or minus some definite per 
cent? 

With regard to the second stage part of the paper, Mr. Rehder 
has given us cooling rates through a critical range. This range 
represented 130 degrees, I understand. With such slow cooling 
rates, this would entail 60 hr, more or less, in the second stage 
of annealing time with the higher chromiums. However, if we 
just plot the time he got at constant temperature against the 
time it took to go through 130 degrees, there is a straight line 
relationship. The conclusion is that in view of the first stage 
retardation and the enormous second stage retardation we do not 
want chromium if we can help it. 

Mr. RenpeR: Thank you very much, Prof. Schneidewind. I 
enjoy and value your discussions, since you take the trouble to 
read a paper carefully, check results, and re-plot or re-interpret 
data if there appears to be an advantage in clarity or under- 
standing. More of this should be done, as it is a valuable addi- 
tion to the usefulness of a paper. 

You mentioned the fact that if the results are plotted on a 
log-log basis with time as ordinate and silicon content as abscissa, 
the slopes of the parallel straight lines obtained are about minus 
3.1, as opposed to the slope of about minus 2.0 which would be 
expected from previously published work. I was aware of this 
apparent disagreement, but said nothing of it in the paper since 
at the moment I have no explanation. The previous work was 
the average of several other investigators’ results along with my 
own data, and the question of whether the more recent, possibly 
more accurate work is more nearly correct than the older, aver- 





2 Technical and Research Director, Malleable Founders’ Society, Cleveland. 
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aged data is an open one. With respect to present accuracy, it 
is mentioned in the paper that the results are considered correct 
within 10 per cent. 

MILTON TiLLey:* Up to the present time we have not been 
bothered with the first-stage anneal because we are well pro 
tected except in the case of high chromium like 0.15, 9.20 or 0.25 
per cent which occurs occasionally. But in the near future we 
will be confronted with using that data, which I am pleased 
to obtain at this time. 

I am glad to see that Mr. Rehder’s information checks our 
25 to 30 years experience with chromium contents on the secon 
stage anneal. We anneal with about 6 deg per hr cooling through 
the critical temperature range. We are safe up to 0.05 chromium 
as Mr. Rehder’s figures indicate. Castings with higher chromium 
contents must be put re-annealed in a batch-type furnace and 
given a longer cooling rate through the critical range. 

Mr. Renper: I would like to comment on two of the points 
which you mentioned. The first concerns also Dr. Schneidewind, 
and is the question of zero, or very low, chromium contents 
Although the inclusion of data on an iron with very low chrom 
ium content would have been of theoretical interest, it was con 
sidered more important to work with raw materials of normal 
commercial use, such as steel scrap and pig iron, and the 
chromium contents, used in the paper do cover the range likely 
to be of practical interest. 

Ihe other point of Mr. Tilley’s is the question of re-annealing. 
The effects of successive re-annealing are additive for the first 
stage, but not for the second stage. If for example some primary 
or massive carbide is still present after a normal anneal, due 
to the presence of chromium or insufficient silicon or other 
cause, this carbide may be eliminated by a second (or in rare 
cases, third) anneal. If, however, pearlite remains after a 
normal anneal, it cannot usually be removed by a repetition of 
the same annealing cycle. The re-anneal in this case must be at 
a slower rate through the critical temperature range, or be fol- 
lowed by a sub-critical holding period, or both. 

W. D. McMuttan:* Mr. Rehder is to be complimented for 
another good paper for the benefit of the malleable industry. 

There is one thought that comes out of this work which is 
more far reaching than the mere understanding of the effect of 
chromium. It is simply that there is no reason to give up, or 
give in to the little discrepancies that creep into any process that 
involves the human element. 

He has pointed out that a littke more chromium than we 
expected may be compensated for by either time, temperature or 
silicon, any or all three. 

In order to apply a special treatment, it is necessary to know 
which castings are involved. To know this will require on the 
spot advance information, a system, a follow up and follow 
through. Control of annealability is pretty much control of 
composition. It is a matter of foresight rather than hindsight. 
There is little satisfaction in learning that this casting missed 
the anneal because of 7 or 8 points of chromium. Control is a 
matter of live data regarding the melt while it is melt not only 
with respect to chromium but to manganese, sulphur, silicon, 
temperature, etc. 

If corrective measures are not made before the metal is poured, 
there will be the job of segregating the castings, identification 
and adjustment of cycles. With adequate data you will not be 
working with unknowns and can establish an orderly procedure 
to bring the castings through. 

The information Mr. Rehder has given is factual and specific. 
He has provided another tool which is of value only when 
put to use. 


8 Metallurgist, National Malleable & Steel Castings Co., Cleveland. 


® McCormick Works, International Harvester Co., Chicago. 
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DETERMINATION OF METAL PENETRATION 
IN SAND MOLDS: 


Harold J. Gonya** and David C. Ekey*** 


Introduction 


METAL PENETRATION INTO SAND MOLDs and cores 
is an old foundry problem. “Metal penetration is a 
casting surface defect wnich looks as though the metal 
has filled the voids between the sand grains without 
displacing them.” Another definition is, “Metal pene- 
tration and sand adherence results when the metal 
flows through the interstices between the grains and 
into the sand to some depth thus producing an ad- 
hering mass of sand and metal in the casting.”* There 
have been many attempts to isolate the cause or causes 
of metal penetration, but past experimentation has 
not brought to light any definite cause of metal pene- 
tration. One theory postulated by J. B. Caine*® was 
that voids present in the sand as rammed was a major 
cause of metal penetration. Another theory, supported 
by Gertsman and Murton,* is that ferrostatic pressure 
and gassy metal are major causes of metal penetration 
in sands used when casting steel. 

This problem of penetration is important, since it 
affects the machineability of castings. It is difficult to 
machine a penetrated surface and few cutting tools 
will hold up under such conditions. Many times the 
cleaning operation necessary to remove the penetrated 
sand, is more expensive than the original cost of man- 
ufacturing the casting, and can result in scrapping 
the product. 

The object of this experiment was to attempt to 
determine what variables might be significant in their 
relation to penetration. It was not hoped to deter- 
mine the full effect of any particular variable in metal 
penetration. With this thought in mind it was de- 
cided to use a statistical method of experimentation 
to determine the significance of the variables studied. 

The statistical method chosen enables one to study 
several variables simultaneously with a minimum 
number of experiments. This was especially desirable 
in this instance in view of the magnitude of the prob- 


*Taken from theses presented to the faculty of Ohio State 
University in partial fulfilment of the requirements for the 
Master of Science Degree. 


**Project Engineer, Harris-Seybold Co., Dayton, Ohio. 
***Graduate Student, Ohio State University. 
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lem and the limitations of time and funds. Knowing 
whether or not any particular variable affected pene- 
tration would be helpful in setting up a classical type 
of experiment to further determine the cause of metal 
penetration. In the classical type of experiment an 
attempt is made to hold all variables constant except 
the one being studied. 

The number of variables to be studied was limited 
to five because of the nature of the statistics which 
involved a four by four Greco-Latin Square as shown 


TABLE | 
GRECO-LATIN SQUARE 
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Code For Symbols Used 


J — Sample Number 


a,b,c,d - Time Variable 

A.83.0.30 = Ramming Variable 
1,2,3,4 - Static Pressure Variable 
«,6,8,6 - Moisture Variable 
LUu,mu,Iiv— Sand Distribution Variable 
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in Table 1. This square required five variables, each 
variable having four levels of variation. 

The variables used were sand grain distribution, 
per cent moisture, static metal pressure or head, set- 
ting time of the test specimens in the mold, and 
number of compacting rams. These variables, shown 
in Table 2, were chosen after considerable investiga- 
tion as to the possible causes of penetration and con- 
sultation with Dr. D. C. Williams of the Industrial 
Engineering Department. 


TABLE 2 


VARIABLES USED - Sand Distribution 


100 200 


20 20 20 


1.2 


10.3) 15.1] 27.8 19.2 |10.3 





*Sand Blast Sand 


Time in Mold Static Pressure, 





Moisture, % Rams Before Pouring, min psi 

a-—o A-—2 a = 5 1 — 4.48 

6-3 Be 9 b — 30 2— 3.86 

v-—5 Cc —15 c — i20 3— 2.87 

&—10 D —50 da — 300 4— 1.94 
\ B 
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Fig. i— (A) 114-in. Rammer; (B) Mold with Cores in 
place; (C) Assembled Flask and Pattern; (D) Brass 
Casting. 
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Fig. 2—(A) Flask; (B) Flask Pattern; (C) Aluminum 
Pattern; (D) Sprues, Aluminum and Brass. 

Brass and aluminum alloys were chosen for study of 
the problem of penetration with the above-mentioned 
variables. These two alloys were selected because ol 
the limitations of melting facilities in the foundry and 
also because they are two alloys with which metal pen- 
etration is frequently associated. For the test on alum- 
inum, and aluminum alloy’of 95 Al, 5 Si was used, 
and for the test on brass, an alloy of 85-5-5-5 was used. 
There were no facilities available for melting steel, 
and the maximum metal requirements of the experi- 
ment was too small to justify the operation of the 
cupola for gray iron. 


Summary 


The five factors studied were all highly significant 
in causing brass penetration in the sand. It cannot 
be determined by the statistical method which levels 
of each variable were significant nor can it be deter- 
mined whether the interactions between any one or 
all of the variables were significant. 

The five factors studied were not significant in 
causing penetration of aluminum in sand molds. 

From a critical analysis of the brass samples, the 
static pressure and distribution variables were more 
important in causing penetration than were the other 
three variables of ramming, moisture content, and 
core setting time. 

Equipment 


Much of the equipment necessary to carry out this 
experiment was not available and had to be designed 
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and fabricated by the investigators prior to conduct- 
ing the experiment. 

A speciaHy designed pattern as shown in Fig. 2-C 
was made to meet certain requirements of the experi- 
ment. To provide for a differential in static pressures, 
the pattern was designed to be poured on end. Figure 
1-B shows the 11,-in. coreprint for the sand test speci- 
mens, with the sand specimens set in place. The alum- 
inum pattern was mounted on an aluminum match 
plate to facilitate the making of molds. The lighter 
weight and machineability of the aluminum alloy 
was the reason for this choice. 

Since the mold had to be poured on end, conven- 
tional flasks were not suitable. The plywood flask 
pattern shown in Fig. 2-B was constructed to make 
the special flasks. The four lugs on the sides of the 
pattern were designed to provide a means of aligning 
the pattern and flask. 

To facilitate the making of sand molds, the flasks 
were constructed from an aluminum alloy rather than 
steel. The lighter weight and resulting ease of handl- 
ing was the main advantage of the aluminum alloy 
flasks. It was necessary to mill the faces of the flasks 
so that the pattern plate and flask would be matched 
for a close fit. Then the lugs on the side of the flask 
were drilled and reamed in alignment with the pat- 
tern plate to accommodate 5%-in. flask pins. A total 
of five flasks were made. All of the machining opera- 
tions in fabricating the equipment were performed in 
the machine shop of the Industrial Engineering De- 
partment. 


Preparation of Test Specimens 


In this experiment, four levels of each variable were 
used in accordance with the requirements of the 
Greco-Latin Square. The four levels of silica sand 
grain distribution are shown in Table 2. Two of the 
distributions were obtained from foundry suppliers, 
and one was obtained from a local foundry. The 
fourth distribution (G-D) was prepared from the 
sand supply in the foundry laboratory. To get the 
proper distribution of G-D sand, it was necessary to 
sieve this sand in a Ro-Tap shaking machine. This 
work required two days to get 4000 grams of the de- 
sired sand separated. The sieve analysis of the other 
three sands was determined by the investigators in 
the laboratory. These four levels of grain distribu- 
tion were chosen to get a range that would include 
fine, medium, and coarse-grained sands. The primary 
reason for using the G-D uniform sand mixture was 
to test the theory postulated by Sanders® in which he 
states that better physical sand properties can be ob- 
tained from “grain sizing” or using a normal distribu- 
tion of the sand grain sizes. Sanders further theorized 
that the lack of normal distribution of the sand grain 
sizes might cause metal penetration. The investiga- 
tors found no evidence to substantiate Sanders’ theory 
of metal penetration into the sand test core. The 
measurements of metal penetration in Table 7 show 
that the G-D sand mixture specimens had very little 
penetration and that the actual penetration occurred 
under conditions of greater alloy static pressure. This 
is significant since the G-D sand had a uniform pla- 
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teau distribution as compared to the normal distribu- 
tion curve of sand mesh sizes as advocated by Sanders. 

Each of the four types of sand were mixed with 
four per cent Western bentonite as the bonding 
agent. All mixing was done by hand because of the 
small amounts of sand used. After the sand was thor- 
oughly mixed, the correct amount of water was added. 
The per cent of moisture was also varied over four 
levels as shown in Table 2. The resulting sand mix- 
tures were then stored in sealed jars to prevent the 
loss of moisture from the various sands. Moisture 
checks were made with a moisture teller prior to mak- 
ing the test specimens to determine whether or not 
the moisture content had changed, and no variation 
greater than one-tenth of one per cent was observed. 
The zero per cent moisture samples were obtained by 
ramming the various sands with the required number 
of rams and drying for 20 hr at 225 F in a constant 
temperature electric oven. 

The mechanical properties of each of the sand mix- 
tures was determined in the laboratory. To deter- 
mine the permeability and green compressive strength, 
standard 2-in. sand test specimens were molded since 
permeability and green compressive strength mach- 
ines were not available for the 114-in. specimens. 
The specimen weights and mechanical test results are 
shown in Tables 3, 4, 5, and 6. The advantage of ob- 
taining the specimen weights ahead of time was to 
facilitate the preparation of the sand test specimens 
prior to setting them in the molds. This saved con- 
siderable time and facilitated more accuracy when 
molding the test cores for use in the penetration ex- 
periments. Analytical balances were used to deter- 
mine all measurements of weight throughout the 


TABLE 3—PHyYSICAL CHARACTERISTICS OF SAND TEST 
SPECIMENS 





Per cent No. of 2-in. 2-in. 
Sand Moisture Rams Weight, Specimen Specimen 
Grams Perme- Green 
ability Strength 

G-D 3 2 48.0 

G-D 3 9 51.0 

G-D 3 15 51.7 

G-D 3 50 55.0 

G-D 3 2 146.0 76.0 2.4 
G-D 3 9 155.0 48.0 4.6 
G-D 3 15 160.0 39.5 5.8 
G-D 3 50 168.0 27.6 7.2 
G-D 5 2 19.0 

G-D 5 9 52.0 

G-D 5 15 53.0 

G-D 5 50 55.0 

G-D 5 2 151.0 70.0 2.4 
G-D 5 9 160.0 42.0 4.5 
G-D 5 15 164.0 34.8 5.8 
G-D 5 50 171.0 23.0 7.4 
G-D 10 2 51.5 

G-D 10 y 54.5 

G-D 10 15 56.0 

G-D 10 50 59.0 

G-D 10 2 163.0 45.0 2.9 
G-D 10 9 169.0 24.7 4.9 
G-D 10 15 174.0 18.6 5.3 
G-D 10 50 i8l 10.8 8.0 
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TABLE 4—PuHySICAL CHARACTERISTICS OF SAND TEST TABLE 6—PHyYSICAL CHARACTERISTICS OF SAND TEs1 
SPECIMENS SPECIMENS 
Per cent No. of 2-in. 2-in. Per cent No. of 2-in. ~ 2-in. 
Sand Moisture Rams Weight, © 2cimen Specimen Sand Moisture Rams Weight, Specimen Specimen 
Grams Perme- Green Grams Perme- Green 
ability Strength ability Strength 
A-7 3 2 47.5 S-B-S 3 2 52.5 
A-7 3 y 51.0 S-B-S 3 i) 54.5 
A-7 3 15 51.5 S-B-S 3 15 55.5 
A-7 3 50 53.5 S-B-S 3 50 57.5 
A-7 3 2 151.0 500 plus 3.0 S-B-S 3 2 158.5 500 plus 4.2 
A-7 3 9 155.0 450.0 4.7 S-B-S 3 i) 167.0 500 plus 59 
A-7 3 15 159.0 400.0 5.5 S-B-S 3 15 173.0 500 plus 68 
A-7 3 50 165.0 280.0 7.3 S-B-S 3 50 180.0 375 8.5 
A-7 5 2 49.5 S-B-S 5 p 54.0 
A-7 5 q 51.5 S-B-S 5 q 56.0 
A-7 5 15 53.5 S-B-S 5 15 57.0 
A-7 5 50 55.0 S-B-S 5 50 58.6 
A-7 5 2 153.0 500.0 2.1 S-B-S 5 2 164.5 500 plus 3.0 
A-7 5 i] 156.0 375.0 4.3 S-B-S 5 i) 172.0 450 3.3 
A-7 5 15 164.0 320.0 4.8 S-B-S 5 15 177.0 400 4.1 
A-7 5 50 171.0 245.0 5.8 S-B-S 5 50 184.0 360 5.4 
\-7 10 2 52.5 S-B-S 10 2 57.0 
\-7 10 9 54.5 S-B-S 10 9 58.6 
\-7 10 15 56.0 S-B-S 10 15 59.5 
\-7 10 50 58.0 S-B-S 10 50 61.0 
\-7 10 2 162.0 300.0 2.5 S-B-S 10 2 178.0 300 2.6 
\-7 10 y 169.0 210.0 3.8 S-B-S 10 § 186.0 198 3.0 
\-7 10 15 175.0 172.0 4.3 S-B-S 10 15 189.0 148 3.4 
A-7 10 50 179.0 118.0 6.3 S-B-S 10 50 194.0 98 3.7 





TABLE 5—PuHysICAL CHARACTERISTICS OF SAND TEsT 








SPECIMENS 
Per cent No. of 2-in. 2-in. 
Sand Moisture Rams Weight, Specimen Specimen 
Grams Perme- Green 
ability Strength 
A-85 3 2 49.0 
\-85 3 9 52.0 
A-85 3 15 53.0 
4-85 3 50 55.0 
A-35 3 2 150.0 34.0 2.7 
A-85 9 9 159.0 22.5 4.5 
\-85 3 15 163.0 19.4 5.9 
A-85 3 50 170.0 13.9 7.6 
\-85 5 2 54.0 
A-85 5 9 56.5 
4-85 5 15 57.5 
A-85 5 50 59.5 
A-85 5 2 153.0 40.0 3.0 
\-85 5 9 161.0 23.3 5.5 
A-85 5 15 165.0 19.0 6.4 
A-85 5 50 173.0 13.4 8.3 
A-85 10 2 53.5 
A-85 10 9 56.0 
A-85 10 15 57.0 
A-85 10 50 59.0 
A-85 10 2 160.0 27.0 3.9 
A-85 10 9 170.0 15.0 6.3 
A-85 10 15 174.0 $2.7 7.6 
A-85 10 50 182.0 7.1 10.0 
experiment. 


The penetration experiment was designed to utilize 
11g-in. x 2-in. test specimens so that the mold cavity 
would not be too large because of limited melting 





capacity. The smaller specimen size was also used 
because the 114-in. rammer has a double end ram 
whereas the 2-in. rammer produces a single end 
rammed specimen. It can be shown that double end 
ramming gives a more uniformly compacted test speci- 
men. 


The Experiment 


Heap sand, used for making molds for aluminum 
alloy and brass castings in the laboratory was used in 
preparing molds. After the mold was prepared, the 
test specimens were set in the core prints and the 
mold was closed. The time variable was measured 
from the time the mold was closed until the alloy 
was poured. It was found necessary to seal the part- 
ing surface of the mold with paste to prevent run- 
outs. Because of the high static pressure encountered 
with brass, it was necessary to clamp cast iron plates 
on each side of the mold. When aluminum plates were 
used the pressure broke the plates and resulted in one 
mold bursting out through the side. 

A pot-type gas-fired furnace was used to melt both 
the aluminum alloy and the brass. The largest crucible 
which the furnace would hold was number 40. This 
size crucible was sufficient to melt enough alloy for 
one mold. Pigs of aluminum and brass were used 
exclusively. It was felt that the use of scrap might 
vitiate the melt quality. The aluminum alloy was 
fluxed with zinc chloride to remove dross and other 
impurities. The brass was fluxed with phosphor- 
copper to improve its fluidity. 

An attempt was made to hold the metal pouring 
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TABLE 7—AMOUNT OF BRASS PENETRATION IN SAND 





SPECIMENS 
sample Time, Moist- Distri- No.of Static Amount of 
No. Min ure, bution Rams Pressure, Penetration, 
% psi In. 
l 5 0 A-7 2 4.48 0.56 
10 5 10 S-B-S 9 3.86 0.56 
7 5 5 A-85 15 1.94 0.0 
16 5 3 G-D 50 2.87 0.0 
5 30 3 A-85 2 3.86 0.0 
14 30 5 G-D 9 4.48 0.02 
3 30 10 A-7 15 2.87 0.44 
12 30 0 S-B-S 50 1.94 0.05 
9 120 5 S-B-S 2 2.87 0.56 
2 120 3 A-7 9 1.94 0.17 
15 120 0 G-D 15 3.86 0.05 
8 120 10 A-85 50 4.48 0.05 
13 300 10 G-D 2 1.94 0.0 
6 300 0 A-85 Q 2.87 0.0 
il 300 3 S-B-S 15 4.48 0.56 
1 300 5 A-7 50 3.86 0.56 





temperature constant. To do this, the metal tempera- 
ture was raised slightly above the desired pouring 
temperature and allowed to cool to the desired tem- 
perature as measured by a calibrated thermocouple. 
One of the more difficult parts of the experiment 
was to control the metal temperature so that it at- 
tained the desired level at the time the mold was 
ready to be poured in accordance with the time vari- 
able. The pouring temperature for the aluminum al- 
loy was 1300 F and the brass was poured at 2150 F. 
To facilitate measurement of the metal penetra- 
tion, the castings were sectioned in a horizontal plane 
passing through the center of each specimen cavity. 


The aluminum castings were sectioned on a 96-in. 


band saw. No penetration of aluminum alloy was 
observed in any of the test cores, however, several of 
the test cores were completely penetrated by brass. 
Figures 3 and 4 show the penetration of various brass 
samples and Fig. 5 and 6 show the aluminum samples. 
Severe penetration of the test cores by the brass 
hindered the sectioning of the brass castings. Various 
methods were tried to cut the brass castings includ- 
ing power saw, abrasive wheel and band saw. Prior to 
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sectioning it was necessary to grind off the surface 
penetration of the casting. Then the 48-in. band 
saw with a 6-pitch blade at 150 rpm was used to 
partly section the casting. To complete the sectioning 
it was necessary to break the castings at the penetrated 
specimens. 

In measuring the amount of brass penetration it 
was necessary to get an average of many readings to 
determine the amount of penetration in the samples. 
The amount of penetration was determined from two 
samples, positioned opposite each other in the mold, 
and having identical variables. Three observers made 
20 independent measurements of each test specimen 
to arrive at the final average penetration as shown in 
Table 7. The measurements were made with a steel 
machinist scale calibrated in sixty-fourths of an inch. 
Table 8 gives the average penetration for each sample 
measured, which is the average of four measurements 
taken at random on the sectioned surface of the 
sample. 

The statistical devices used in this experiment were 
the Greco-Latin Square and the “F” test. These de- 
vices were used as tools in determining the signific- 
ance of the variables in their effect on penetration. 
It must be remembered that the test was not designed 
to determine which level of each variable is import- 
ant in its cause of penetration. 

The Greco-Latin Square is an arrangement for the 
simultaneous study of several factors. The variations 
of each factor may be studied and their effects upon 
the experimental error may be excluded. A restric- 
tion of the Greco-Latin Square is that every factor 
must be used at least once in combination with every 
other factor studied in the experiment. An examina- 
tion of Table 1 will show that the same combination 
of factors does not occur twice in any of the sixteen 
squares. This arrangement allows each level of each 
factor to be affected by all of the variables thus can- 
celling out the effects of the variables other than the 
one being studied. An example of this principle may 
clarify the meaning. The first row of Table | is con- 
cerned with the variable ramming, specifically two 
rams. Across that row it will be noted that every 








TABLE 8 
Measurement of Brass Penetration (Right Side) Measurement of Brass Penetration (Left Side) 
Sample Measurements Average Measurements Average 
No. in In. Penetration in In. Penetration 
1 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
2 0.12 0.16 0.11 0.11 0.12 0.25 0.18 0.20 0.20 0.21 
3 0.56 0.56 0.56 0.56 0.56 0.35 0.38 0.32 0.26 0.33 
4 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
8 0.05 0.06 0.05 0.05 0.05 0.04 0.05 0.03 0.03 0.04 
9 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
10 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
ll 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 
12 0.08 0.06 0.04 0.04 0.06 0.03 0.02 0.06 0.04 0.04 
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.01 0.01 0.01 0.01 0.01 0.03 0.03 0.03 0.03 0.03 
15 0.08 0.02 0.06 0.07 0.06 0.07 0.01 0.03 0.07 0.04 
16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 











Fig. 3—Brass Samples. 


other variable and each level of every other variable 
across row “A.” Thus the effect of all the other fac- 
tors are cancelled out and the effect of two rams is 
the level studied. The effect for sand distribution 
can be studied using the arrangement of Table | and 
considering the columns instead of rows. To study 
the other three variables, the Greco-Latin Square must 
be arranged so that the variables studied are either 
in columns or rows. 

Calculation of the error variance (ge?) in the analy- 
sis of the Greco-Latin Square experiment requires at 
least a pair of observations for each set of conditions. 
The mold was designed to have a left and right side 
enabling the experimenter to get a pair of samples in 
every mold. 

The Greco-Latin Square arrangement does not al- 
low a study of interactions among the variables. In- 
teractions is the variation resulting from the com- 
bined effect of two or more factors. The effect of 
each factor operating independent of each other may 
be different than the total effect of the two factors 
operating together. 

In experimental tests where two or more factors are 
being studied, the total variability of result may be 
placed in two broad classifications; the normal small 
sampling variation or unexplained variation, and the 
variation due to the effects of the controlled variables. 
The Greco-Latin Square can be used to determine 
how much each controlled factor contributed to the 
total variation. 

The objective of the statistical method of analysis 
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TABLE 9 
EQUATIONS 
“7 Post 
a. So8 
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«32 16 2 
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1 
Table of Factors 
2 = (Ex)? 2 
Factor 3 (Ex) 8 =F |pF Or F 
Sand 23.974 2, 9967 1. 3947 3 0.4649 240 
Moisture 13,480 1, 6849 6.0829 3 0.0276 14.25 
Ramming 13.448 1.6810 0.079 3 0.0263 13.58 
Time 13.819 1.7273 0.1253 3 0.0418 21.55 
Position 15.364 1.9206 0.3185 3 0.1062 54.79 
Error 0.0310 16 0.00194 


























Fig. 4—Brass Samples. 
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is to determine if the means of the various levels of 
each factor differ enough to refute the hypothesis that 
they could come from the same population. Limits 
may be established on the expected or chance varia- 
tion by an interpretation of the error variance (c€?). 
If the variation exceeds these limits, the excess amount 
is due to identifiable causes. 

The “F” test is designed to ascertain the signific- 
ance of the differences among a set of means. A lack 
of significant differences as indicated by the “F’’ test 
intimates that the differences which do exist among 
means is due largely to chance. The hypothesis of 
homogeneity among means would then be accepted. 

The value of “F” is defined as the ratio of the vari- 
ance (ge*) of a set of means to the estimate of the 
error variance. Since the distribution of “F” is known, 
the probability that the value of “F’ could have oc- 
cured by chance may be determined. If this probabil- 
ity is sufficiently small, the conclusion may be drawn 
that the hypothesis of homogeneity has been refuted. 

In summing up these statements, it can be said that 
the value of the “F” test applied to the Greco- Latin 
Square is to tel] if any of the variables were significant 
in causing penetration. 

The value of “F” in this experiment at the | per 
cent significance level, i.e. the probability of 99 per 
cent that the variable caused penetration is 5.29. 





Fig. 5—Aluminum Samples 





Fig. 6—Aluminum Samples. 


Table 9 gives the values of “F” for each variable. In 
each case the significance is very strong that the vari- 
ables caused penetration. It is so strong that not 
much faith can be put into the importance of relat- 
ing the values one to the other to determine which is 
more significant. For example, sand distribution had 
an “F” value of 240 whereas the ramming variable 
had a value of only 13.58. But an “F” value of 13.58 
is highly significant with the degrees of freedom en- 
countered in this problem. Therefore it is imprac- 
tical to say that sand distribution is much more im- 
portant than ramming. 

The conclusions that can be made from this statis- 
tical analysis is that each variable studied was highly 
significant in causing penetration. S'nce interactions 
between the variables cannot be analyzed in this par- 
ticular statistical test, it can be assumed that either 
the variable itself is important or the individual vari- 
ables reacting with each other are significant. 


Discussion of Experiment 


Disregarding the statistical significance of the data 
for a moment, some assumed conclusions can be 
drawn. It will be noted that the A-7 and 5-B-S sand 
test cores were completely penetrated in every posi- 
tion except the top position (number four position) 
where the static pressure was the least (1.96 psi). 
Neither of the other two types of sand had metal 
penetration greater than 0.06 in. regardless of the 
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static pressure. Two general assumptions may be 
made; (1) sand as coarse as 5-B-S sand is easily pene- 
trated by brass, and (2) coarse sand subjected to a 
static pressure greater than 2.87 psi will be pene- 
trated, by brass. Because of the difference in penetra- 
tion in both the coarse sands between positions three 
and four (2.87 and 1.94 psi respectively), there is a 
possibility that a critical static pressure lies between 
these two points. 

These general propositions would indicate an in- 
crease in metal penetration when the sand is coarse, 
and both fluidity and static pressure of the alloy are 
high. Further experimentation will be needed to de- 
termine the practical limitations of alloy static pres- 
sure in view of their affect on metal penetration. 

The investigators failed to get any penetration 
whatsoever in the tests when using an aluminum al- 
loy (95 Al-5 Si). This lack of aluminum alloy pene- 
tration was not expected especially in view of the 
varied conditions of the experiment. A clue which 
helps to explain the lack of aluminum alloy penetra- 
tion was found in a research bulletin published by the 
National Bureau of Standards.6 It was found that 
the running quality of commercially pure aluminum, 
was a straight line function with the pouring temper- 
ature (independent variable) and the position of the 
curve translatable by the maximum temperature of 
the melt. Although fluidity and surface tension are 
but two of the factors involved in determining the 
running quality of an alloy, the running quality is 
significant in that a melt with a low value of fluidity 
is not conducive to penetration. The temperature at 
which the penetration experiments were carried out 
was 1250 to 1300 F which is representative of a very 
low running quality and not highly subjected to pen- 
etrating voids in the sand. Samples 10 and 15 in Fig. 
6 show the extent of aluminum penetration into the 
very coarse 5-B-S sand. The metal did not penetrate 
beyond the voids in the first layer of sand grains and 
vigorous wire brushing or sand blasting could have 
removed these grains from the surface of the casting. 
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DISCUSSION 


Chairman: J. A. Rassenross, American Steel Foundries, East 
Chicago, Ind. 

O. J. Myers:' Does this research tool obviate the necessity for 
reproducing these results by actually reproducing the experi- 
ments? Does that mean that sand is four times as important as 
the metal head in creating penetration? 

Mr. Ekey: It definitely would not obviate the necessity for 
further research. This particular method would lead to fur- 
ther research. We found that sand was significant, so the next 
step would be to set up a classical type of experiment with 
sand as the one variable. 

We did not have partial intercorrelation. Take the time 
element. We got indications that time is a very important 
factor. We had a finer integration of our moisture variable, but 
there might bea partial correlation between time and _ static 
pressure or moisture, probably the moisture. 

S. L. GertsMAN:* I would like to amplify some of this work 
insofar as checking any single variable is concerned. Both in 
our work and that of others we have been trying to check one 
variable at a time. The Greco-Latin Square, however, appears 
to be a useful tool in carrying out any research in the foundry, 
since there are from 30 to 50 variables in foundry work. You 
wish to determine which variables have any bearing on a 
problem. Therefore, I think it is a good idea to bring this 
technique to the attention of foundrymen. 

In regard to the author’s statement that Dr. Williams in- 
sisted that one of the variables which should be attacked is the 
effect of leaving the core in the mold anywhere up to 300 min 
before pouring. There might be a loss of moisture by leaving 
the core in the mold up to 300 min before pouring and that 
might have some effect on penetration. 

Mr. Exey: I would merely like to repeat that we would have 
a finer integration of our moisture variable due to this sitting 
time, which goes along with what Mr. Gertsman mentioned. 


1Director of Foundry Res.. Archer-Daniels-Midland Co., Minneapolis. 
*Head, Steel Section, Bureau of Mines & Tech. Surveys, Ottawa, Ont., 
Canada. 
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EFFECT OF VANADIUM ON THE PROPERTIES 
OF CAST CHROMIUM-MOLYBDENUM STEELS 


By 


N. A. Ziegler, W. L. Meinhart and J. R. Goldsmith 


ABSTRACT 

An investigation was made on (a) 1.25 per cent chromium — 
0.5 molybdenum, (b) 2.5 per cent chromium — 0.5 molybdenum, 
and (c) 5.0 per cent chromium — 0.5 per cent molybdenum cast 
steels, in which vanadium ranged from 0 to 0.3 per cent and 
carbon from 0.1 per cent max to 0.3 per cent in each group. 
Results obtained in the various tests on characteristics and prop- 
erties are presented. 

The presence of vanadium has a slight tendency to increase 
the thermal sluggishness and air hardenability. 

Increasing vanadium reduces the ferrite and pearlite grain 
size, produces some extremely fine spheroidal carbides, but 
makes the dendritic pattern more pronounced, coarse and per- 
sistent. 

In general, vanadium moderately increases the tensile strength 
and yield point, slightly reduces the ductility and to a greater 
extent reduces the impact resistance. 

Metal arc welding of these steels presented no difficulties with 
regard to cracks and voids. Ductility of the resultant weld as- 
semblies was somewhat decreased by the larger percentages of 
vanadium. ‘ 


Introduction 


THE PRESENT ARTICLE is a continuation of the 
authors’ study of the properties of cast low-alloy 
steels, the previous steps of which have been pre- 
sented in a series of publications.*-* One of these 
papers® describes the effect of vanadium on the prop- 
erties of carbon and carbon-molybdenum steels, while 
another? deals with the characteristics of low chrom- 
ium-molybdenum steels. Compositions of the latter 
article fall within the range of steels recommended for 
superheated steam service.® 

It is common knowledge that vanadium in amounts 
up to about 0.25 per cent improves the high-tempera- 
ture creep resistance and refines the grain structure 
of carbon-molybdenum and chromium-molybdenum 
steels. On the other hand, its effect on room tempera- 
ture physical properties, thermal behavior and weld- 
ability has not been too well known. This is par- 
ticularly true about castings. The authors’ earlier 
publication,® clarifies some of these points regarding 


* Of the authors, N. A. Ziegler is Research Metallurgist, W. 
L. Meinhart is Assistant Research Metallurgist, and J. R. Gold- 
smith is Metallurgical Engineer in charge of research foundry, 
Crane Co., Chicago. 
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the carbon and carbon-molybdenum types. The pres- 
ent one is an attempt to further the knowledge with 
respect to chromium-molybdenum-vanadium steels. 

A fairly complete bibliography of the work done on 
vanadium as an alloying element in irons and steels 
was presented in a previous article.6 One appended to 
this paper®!? gives a few additional references, thus 
bringing it up to date. 

High temperature properties and graphitization 
susceptibility of chromium-molybdenum-vanadium 
steels are being studied. 


Experimental Procedure 


The technique of preparation, heat treating and 
processing of the experimental compositions was the 
same as previously described.'-* Each heat of about 
200 Ib was cast into (a) keel coupon blocks and (b) 
welding plates. Composition-wise they are divided 
into three groups: (a) 1.25% Cr - 0.5% Mo, (b) 
2.5% Cr - 0.5% Mo and (c) 5.0% Cr - 0.5% Mo. 

Table | is a compilation of nominal compositions, 
chemical analyses, dilatometer data and _ physical 
properties of all of these steels. The first two groups 
are divided into four subgroups, containing 0.1 max, 
0.15, 0.20 and 0.30 per cent carbon, respectively. The 
third group is composed of only three subgroups, con- 
taining 0.1 max, 0.15 and 0.30 per cent carbon. Each 
subgroup consists of four or more steels with vana- 
dium ranging between 0 and about 0.30 per cent. 

Coupon blocks were used for making tensile* and 
impact** test bars. Test bars of the 1.25% Cr - 0.5% 
Mo group were heat treated (before machining) in 
two different ways: (a) triple, i.e. normalizing from 
1750 F (950 C), air quenching from 1550 F (840 C) 
and drawing at 1250 F (680 C) and (b) double, i.e. 
normalizing from 1750 F (950 C) and drawing at 
1250 F (680 C). The 2.5% Cr - 0.5% Mo and 5.0% 
Cr - 0.5% Mo groups were subjected to the triple 
heat treatment only. It has been the authors’ practice 
to use the double heat treatment for carbon and car- 
bon-molybdenum steel modifications(!:+5.6 47) and 


* Standard 0.505-in. diam, 2-in. gage test bar. 
** Standard Charpy test bar with keyhole notch. 





262 


triple—for chromium-molybdenum types‘? #447) with 
chromium above 1.25 per cent. The low-chromium 
group of the present paper serves as a “connecting 
link,” between carbon-molybdenum and chromium- 
molybdenum groups of steels. Hence, it was given 
both heat treatments, so that the properties of its con- 
stituent steels could be directly compared with those 
of any composition presented in previous publications. 
All test bars thus heat treated were subjected to 
tensile, Vickers hardness and Charpy impact testing. 
The latter was conducted (a) at room temperature 
and (b) at 1000 F (570 C). Dilatometric thermal 
analyses was made of all of these steels except one. 
As can be seen from Table 1, the minor elements 
(Si, Mn, S and P) as well as molybdenum, are reason- 
ably uniform. Carbon, chromium and vanadium 
(within experimental error) vary as previously spe- 
cified, thus permitting certain studies to be made. 


Thermal Analysis and Microexamination 


The results of thermal analysis are presented in 
Table 1. The thermal cycle in each case was to heat 
the sample*** in vacuum to 1830 F (1000 C) in 2 
hr, and then cool to room temperature (a) in 5hrt 
and (b) “in air.” 

Selected dilatometer curves are compiled in Fig. 1 
and 2 for 1.25% Cr - 0.5% Mo, in Fig. 3 and 4 for 
2.5% Cr - 0.5% Mo and in Fig. 5 and 6 for 5.0% Cr - 
0.5% Mo steels. In each one of these compilations, 
dilatometer curves are arranged in either four (Fig. 
1, 2, 3 and 4) or three (Fig. 5 and 6) subgroups with 
increasingly higher carbon. 

It was found that vanadium in amounts up to 
about 0.3 per cent exerts a relatively small effect on 
the appearance of most of the thermal curves. Hence, 
within each subgroup in the above six graphs, only 
two curves are recorded: one representing a steel 
with no vanadium, and the other with the highest 
(for this particular subgroup) vanadium content. 
Curves representing intermediate vanadium compo- 
sitions are omitted to conserve space. 

Figures 1, 3 and 5 are compilations of dilatometer 
curves obtained on slow (5 hr) and Fig. 2, 4 and 6 
are those obtained on more rapid cooling (“in air’). 

After completion of the dilatometer cycle, each 
sample was subjected to hardness testing (Table 1) 
and micro-examination, 


1.25% Chromium - 0.5% Molybdenum Group 

Within each of the four pairs of thermal curves 
(Fig. 1 and 2), transformation-on-heating of the 
vanadium-bearing steel occur (as should be expected) 
at temperatures a little higher than those for the cor- 
responding vanadium-free variety. On slow cooling 
(Fig. 1) no suppressed transformations can be ob- 
served in any one of the eight curves which is also 
substantiated by micro-examination. However, the 
hardness of vanadium-bearing compositions, contain- 
ing carbon in the amounts of about 0.15 per cent and 


***50-mm long and 4 mm in diameter. 
+ Average cooling rate of 3.2 C/min or 5.8 F/min. 
tt Average cooling rate of 50 C/Min or 90 F/min. 


VANADIUM IN Cast Cr-Mo STEELs 


higher (Serial No. 8, 12 and 16) is greater than that 
of similar ones but free from vanadium (Serial No. 
5, 9 and 13). The two very low carbon compositions 
(Serial No. 1 and 4) have practically identical hard- 
ness, regardless of vanadium. 

It is also interesting to note that the low carbon 
0.29 per cent vanadium steel (Serial No. 4), after 
slow cooling, does not contain any normal pearlite. 
All carbon is present in the form of extremely fine 
spheroidal carbides, some of which are arranged in a 
faint lameller-like pattern, as can be seen in Fig. 7. 
This type of structure was previously observed and 
reported by the authors in low-carbon-molybdenum- 
vanadium steels.® 

The latter two compositions (Serial No. 1 and 4) 
maintain relatively low and almost identical hard- 
ness values even after the rapid cooling (Fig. 2). Nev- 
ertheless, both of them, with this cooling rate, dis- 
play initial stages of suppressed transformations which 
is also substantiated by the presence of small amounts 
of Widmanstatten type of structural constituent 
(structure not shown) . 

With carbon gradually increasing, the thermal 
sluggishness, revealed by the more rapid cooling rate 
(Fig. 2), as well as the resultant hardness, also in- 
crease. This is somewhat more pronounced in the 
vanadium-bearing (Serial No. 8, 12 and 16, Fig. 2) 
than in vanadium-free steels (Serial No. 5, 9 and 13, 
Fig. 2). 

Progressive increase of the product of suppressed 
transformation, caused by the increase in carbon con- 
tent, and relative microhardness of structural con- 
stituents can be observed in Fig. 8 and 9. In the 
former (0.15% C, 0.25% V) the ferritic matrix mea- 
sures about 260 and the suppressed transformation 
product (bainite) about 300 micro-Vickers (VPN). 
In the latter (0.23% C, 0.33% V) bainite, with the 
hardness of over 300 micro-Vickers (VPN), is the 
predominating constituent. Areas rich in ferrite are 
softer. 

Another interesting observation (as shown in Fig. 
10 and 11) was made regarding the grain size of 
vanadium-free versus vanadium-bearing steels. As 


.one might expect, the latter has finer ferrite and 


pearlite grains. On the other hand, the dendritic 
pattern in the latter is coarser and more pronounced. 


2.5% Chromium - 0.5% Molybdenum Group 

In this group the effect of vanadium on the trans- 
formations-on-heating, as well as on the thermal slug- 
gishness and resultant hardness, is less pronounced, 
both on slow (Fig. 8) and on more rapid (Fig. 4) 
cooling. In the former case, fully suppressed trans- 
formations are observed only in the higher carbon 
steels (Serial No. 31 and 36) ..In the latter, all steels, 
with the exception of the two low-carbon ones (Serial 
No. 17 and 20), display fully-suppressed transforma- 
tions. 

Figure 12 is another demonstration of spheroidiza- 
tion of carbides and elimination of pearlite, caused 
by the presence of vanadium, which is more pro- 
nounced in the low-carbon steels (Serial 20, Fig. 3). 

Figures 13, 14 and 15 present a microhardness study 
of different structural constituents in vanadium-free 
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Fig. 7—Microstructure of steel containing 0.06 C, 1.20 
Cr, 0.51 Mo, 0.29 V. Serial No. 4, slow cooling rate. 
Etched in nital. Mag. 500 x. 
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Fig. 8—Microstructure of steel containing 0.15 C, 1.26 
Cr, 0.51 Mo, 0.25 V. Serial No. 8, rapid cooling rate. 
Etched in nital. Mag. 500x. 





Fig. 10—Microstructure of steel containing 0.29 C, 1.29 
Cr, 0.51 Mo, no V. Serial No. 13, slow cooling rate. 
Etched in nital. Mag. 100 x. 
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VANADIUM IN Cast Cr-Mo STEELS 


(Fig. 13, Serial No. 31) and vanadium-bearing (Fig. 
14 and 15, Serial No. 36) steels. The former (Fig. 
13), after slow cooling displays some ferrite and pear- 
lite-like constituent, both of which are relatively 
soft, in a martensite-bainite matrix. In the latter 
(Fig. 14), the same cooling rate produces a marten- 
site-bainite structure throughout. With a more rapid 
cooling rate (Fig. 15), the ratio of martensite to 
bainite in the vanadium-bearing steel increases, which 
explains the increase in microhardness of the marten- 
sitic portions. 


5.0% Chromium - 0.5% Molybdenum Group 

In this group of steels the effect of vanadium on 
transformations-on-heating and on the resultant hard- 
nesses shown in Fig. 5 and 6 is even less pronounced 
than in the 2.5% Cr series. The vanadium-bearing 
steel (Serial No. 44) is definitely harder than that 
without vanadium (Serial No. 41), only in the inter- 
mediate-carbon pair, both after the slow (Fig. 5) and 





Fig. 9—Microstructure of steel containing 0.23 C, 1.32 
Cr, 0.52 Mo, 0.33 V. Serial No. 16, rapid cooling rate. 
Etched in nital. Mag. 500. 





Cr, 0.52 Mo, 0.33 V. Serial No. 16, slow cooling rate. 
Etched in nital. Mag. 100x. 
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Fig. 12—Microstructure of steel containing 0.06 C, 2.91 
Cr, 0.59 Mo, 0.34 V. Serial No. 20, slow cooling rate. 
Etched in nital. Mag. 750. 
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Fig. 14—Microstructure of steel containing 0.30 C, 2.49 
Cr, 0.58 Mo, 0.30 V. Serial No. 36, slow cooling rate. 
Etched in nital. Mag. 500. 


Fig. 16—Microstructure of steel containing 0.05 C, 4.87 
Cr, 0.46 Mo, 0.25 V. Serial No. 40, slow cooling rate. 
Etched in nital. Mag. 500 
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Fig. 13—Microstructure of steel containing 0.31 C, 2.83 
Cr, 0.75 Mo, no V. Serial No. 31, slow cooling rate. 
Etched in nital. Mag. 500 x. 





Fig. 15—Microstructure of steel containing 0.30 C, 
2.49 Cr, 0.58 Mo, 0.30 V. Serial No. 36, rapid cooling 
rate. Etched in nital. Mag. 500x. 





Fig. 17—Microstructure of steel containing 0.18 C, 5.37 
Cr, 0.53 Mo, 0.27 V. Serial No. 44, rapid cooling rate. 
Etched in nital. Mag. 500. 
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Fig. 18—Effect of vanadium on hardness of dilatome- 
ter samples of Cr—Mo steels. 
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Fig. 19—Effect of vanadium on physical properties of 1.25 Cr-0.5 Mo steels. 


after the more rapid (Fig. 6) cooling. This might be 
explained by the fact that in this particular composi- 
tion the addition of vanadium and slightly higher 
carbon has a greater relative effect on the harden- 
ability. For this reason, it is hard even after slow 
cooling. On the other hand, both iow-carbon steels 
(Serial No. 37 and 40) are soft, and the high-carbon 
ones hard (Serial No. 45 and 48) regardless of the 
vanadium content or the cooling rate (Fig. 5 and 6). 

Figure 16 illustrates the structure of the low-carbon 
vanadium-bearing composition (Serial No. 40), after 
slow cooling (Fig. 5). Similarly to the structures 
shown in Fig. 7 and 12, pearlite is absent and car- 
bides appear as fine spheroidal particles, although in 


the present case the grain size is somewhat finer than 
in the two preceding ones. 

The structure of Fig. 17 (Serial No. 44, rapidly 
cooled) is typical of all of those steels in which trans- 
formations are completely suppressed. It is com- 
posed of somewhat softer bainite and harder marten- 
site. In higher carbon compositions, the ratio of mar- 
tensite to bainite increases. 


Hardness of Dilatometer Samples 


Figure 18 graphically shows the hardness values of 
dilatometer samples (a) after slow, and (b) after 
more rapid cooling. Effect of vanadium is recorded 
separately for each subgroup (i.e. carbon-chromium 
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Fig. 20—Effect of vanadium on physical properties of 2.5 Cr-0.5 Mo steels normalized at 1750 F, air 
quenched at 1550 F and tempered at 1250 F. 


combinations). Briefly, the effect of vanadium is 
slight, except for two (1.25% Cr - 0.20% C and 5% 
Cr - 0.15% C) subgroups. Even then, however, it 
more likely might be due to some interfering factors 
or experimental error, rather than to vanadium. 


Physical Properties 


Figures 19, 20 and 21] are graphic representations 
of the effect of vanadium on various physical proper- 
ties of 1.25% Cr - 0.5% Mo, 2.5% Cr - 0.5% Mo and 
5.0% Cr - 0.5% Mo groups of steels, respectively. Each 
figure is divided into four (Fig. 19 and 20) or three 
(Fig. 21) graphs, each of which represents a different 
carbon level within the given group. Each point is an 
average of two or more tests. 

As previously pointed out, the 1.25% Cr - 0.5% Mo 
group of steels was subjected to two different heat 


treatments (Table 1). Hence, in Fig. 19 two sets of 
test data have been plotted. It might be noted that 
the effect of the heat treatments on tensile properties 
and hardness was relatively small. Only in the high 
carbon subgroup was this difference sufficiently large 
to warrant separate plotting. On the other hand, 
the impact resistance was strongly affected in all cases. 
In general, the double heat treatment tends to make 
these steels stronger but less ductile and impact re- 
sistant, while the triple heat treatment improves duc- 
tility and impact resistance with a sacrifice in tensile 
strength and yield point. 

Considering Fig. 19, 20 and 21 together, it might 
be noted that the effect of vanadium on all proper- 
ties, regardless of chromium and carbon contents, is 
relatively small. The general trend is to increase the 
strength and yield point and to reduce the ductility 
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Fig. 21—Effect of vanadium on physical properties of 5 Cr-0.5 Mo steels normalized at 1750 F, air quenched 
at 1550 and tempered at 1250 F. 


and room temperature impact resistance. The effect the 1.25% Cr - 0.5% Mo group (Fig. 19) after double 
on the impact resistance is particularly noticeable in heat treatment. 
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TABLE 2—CHEMICAL ANALYSIS OF WELD DEPOSITS 
Group Si Mn s P Cc Ci * Mo Vv 
1.25% Cr — 0.5% Mo 0.33 0.65 0.029 0.017 0.10 1.10 0.55 None 
is sr 507 M ~ — _ 0.07 2.28 0.52 0.20 
poe ee \0.44 0.87 0.015 0.021 0.08 2.35 0.45 None 
5.0% Cr — 0.5% Mo = - _ _ 0.06 5.24 0.50 0.22 





Welding Experiments 


Each composition listed in Table 1 was cast into 
% in. thick pairs of welding plates,* all of which were 
subjected to the triple heat treatment. They were 
prepared for welding by machining one edge of each 
to form a standard A.S.A. “U” bevel (20-deg bevel 
and a %. in. root radius). Each pair of plates of 
the same composition was then welded together by 
the metal arc process, using lime-coated steel elec- 
trodes (EXX15 Class, ASTM-A316 Specification). 

Table 2 gives the compositions of representative 
weld deposits of the three groups of steels, respec- 
tively. 

It should be noted that the electrodes were selected 
so that their composition (particularly chromium and 
molybdenum) matched that of the parent metal as 
close as possible. There was no vanadium-bearing 
electrode available for the 1.25% Cr - 0.5% Mo group. 
Likewise, only a limited amount could be found to 
accommodate the 2.5% Cr - 0.5% Mo group. Hence, 
all of the steels of the former group and about half of 
those of the latter were welded with vanadium-free 
electrodes. In connection with the present experi- 
mentation, the interest is in the behavior of the par- 
ent metal rather than in that of the weld deposit. 
For this reason, exact matching of vanadium in the 
weld to that of the parent metal was not considered 
too important. 

All plates were preheated with oxy-acetylene flame 
to 400 to 500 F (200 to 260 C) and welded with 7 to 
8 passes on assemblies 7% in. thick with a 7-in. run- 
ning length of welding. Soundness of the welds was 
verified by radiographing them all. 

Affected zones in most of these weld assemblies 
were so hard that it was impractical to cut and mach- 
ine them into test pieces. For this reason, all of them 
were stress-relieved at 1350 F (732 C). 

Standard tensile* and Charpy impact** bars (two 
of each per weld) were machined from the stress re- 
lieved welds. In the former the weld and the affected 
zone were left between the gage marks. In the latter, 
the keyhole notch was cut through the weld metal to 
the fusion line in an attempt to force the break in the 
heat-affected zone adjacent to the weld, as illustrated 
in a previous publication.* All of these test bars were 
subjected to testing, but the resultant data were 
omitted to conserve space, as similar properties of 
parent metals were given in Table | and Fig. 19, 20 
and 21. 

A side-bend-test (34 by 74 by 10 in.) was made in a 
jig for each weld assembly, and each was also sub- 


* 2-in. gage, 0.505-in. diameter. 
** Keyhole notch. 


jected to hardness distribution studies across the weld 
and the affected zone. 


Tensile and Impact Testing 

In tensile testing, all samples of the 1.25% Cr- 
0.5% Mo group (Table 1, Serial No. 1 to 16) broke 
through the parent metal. 

The two subgroups, containing 0.1 per cent max 
and 0.15 per cent carbon of the 2.5% Cr - 0.5% Mo 
group (Table 1, Serial No. 17 to 26), also broke 
through the parent metal. Some of the samples of the 
0.20 per cent carbon subgroups (Serial No. 27 to 30), 
broke through the parent metal, and others through 
the weld. Samples of the 0.30 per cent carbon sub- 
group (Serial No. 31 to 36) all fractured through the 
weld. 

In the 5.0% Cr - 0.5% Mo group, only the samples 
of the 0.1 per cent max carbon subgroup (Table 1, 
Serial No. 37 to 40) broke through the parent metal, 
and all the rest (Serial No. 41 to 48) through the 
weld. In general, all measured properties of the weld 
assemblies compare quite favorably with those of the 
parent metal, even though their ductility and impact 
resistance are somewhat lower. 


Bend Tests 


Longitudinal sections for the side bend tests were 
prepared in accordance with the American Standards 
Association Code for Pressure Piping requirements 
and bent at the weld zone around a 114-in. mandrel. 
Of the 48 pieces thus tested, only five (namely Serial 
No. 30, 35, 44, 47 and 48, Table 1) broke before 180 
degrees was reached. The others all passed the Code 
requirements even though some of them had very 
short fine cracks in the weld and the affected zone. 
The frequency of these cracks tends to mount with 
the increasing chromium, vanadium and carbon. 


Hardness Distribution Studies 


A cross-section from a weld of each composition 
was subjected to a hardness distribution survey across 
the weld and the affected zone, using a Vickers pyra- 
mid hardness tester with a 30-kilogram load. 

The results of these tests are graphically repre- 
sented in Fig. 22, separately for each chromium-car- 
bon subgroup. In general, hardnesses of the welds in 
the low-carbon subgroups are higher than those of 
the parent metal. This difference becomes less pro- 
nounced with the increase in carbon and/or chro- 
mium. Likewise, the overall hardness tends to in- 
crease with the increasing carbon and/or chromium. 
No definite correlation can be observed within each 
subgroup between the vanadium content and the po- 
sition of the corresponding hardness distribution 
curve, 
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Fig. 22—Hardness distribution across the weld and the affected zone in Cr—-Mo-V steels, stress relieved at 
1350 F. 


As previously pointed out, all of these tests were 
performed on stress-relieved samples, which does not 
reveal the variations present in “as welded” proper- 
ties. However, some idea as to what might be ex- 
pected in the affected zones of these steels immediately 
after welding can be obtained from the study of the 
hardness values of the dilatometer samples (Fig. 18), 
and particularly of those cooled at a rapid rate. Study 
of the dilatometer curves also contributes to the un- 
derstanding of the thermal properties (and conse- 
quently weldability) of these steels. 


Summary 


1. The effect of increasing vanadium content be- 
tween 0 and 0.30 per cent on the properties of (a) 
1.25% Cr - 0.5% Mo (b) 2.5% Cr - 0.5% Mo and 
(c) 5.0% Cr - 0.5% Mo cast steels has been investi- 
gated. Carbon content within each of these groups 


ranged between about 0.1 per cent max and 0.30 per 
cent. 

2. Dilatometric analysis shows that vanadium tends 
to raise transformation temperatures on heating, par- 
ticularly for low-carbon and lower-chromium steels. 

3. Vanadium has a slight tendency to increase ther- 
mal sluggishness and air-hardenability, but this effect 
is quite small. 

4. Vanadium tends to spheroidize carbides. In low 
carbon-high vanadium compositions pearlite frequent- 
ly is completely absent. This is more pronounced 
after slow cooling from about 1830 F (1000 C), com- 
parable to annealing, and irrespective of the chro- 
mium content. 

5. Spheroidization of carbides is closely associated 
with the increased transformation temperature and 
closing of the gamma loop, which might result in 
the presence of residual delta ferrite. 

6. Vanadium reduces the size of ferritic and pear- 
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litic grains, but makes the dendritic structure more 
pronounced and persistent, as well as coarser. 


7. The effect of vanadium on all room tempera- 
ture physical properties, regardless of chromium and 
carbon contents (in the presence of 0.5% Mo), is 
relatively small. The general trend is to increase the 
strength and to reduce ductility and impact resistance. 


8. Welding of these compositions by the metal arc 
process, employing heavy coated electrodes of the 
AWS EXX15 type, presented no particular difficul- 
ties with respect to cracking or voids in the weld 
deposits. 

9. In general, the presence of vanadium does not 
appear to have much effect on the physical properties 
of the resultant weld assemblies. However, all five of 
48 welds which did not pass the bend test, prescribed 
by the Code, contained high vanadium. 


10. No attempt is being made to recommend any 
definite composition for a specific application. 
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VANADIUM IN Cast Cr-Mo STEELs 


DISCUSSION 


Chairman:—FRaAnk KiPER, Ohio Steel Foundry Co., Springfield 
Ohio. 

Co-Chairman: G. W. JoHNson, Vanadium Corp. of America, 
Chicago. 

T. W. Merritt:' I would like to compliment the authors on 
adding another block to this monumental work of investigating 
the properties of cast steels. We enjoyed reading this paper on 
the effect of vanadium in chromium-molybdenum steels, al 
though we were somewhat disturbed by the summary. In analyz 
ing this feeling we decided that we were prejudiced by years of 
thinking in terms of the effect of vanadium in lower alloy 
steels. Many of the steels investigated by the authors have a 
relatively high alloy content with respect to carbon content, 
which certainly influences the effects of small additions of vana 
dium. We feel that it is essential to keep this in mind when 
reading the conclusions and not to make the mistake we sub 
consciously did in assuming that vanadium has such effects on 
alloy cast steels generally. 

The dilatometer curves constitute a valuable addition to the 
knowledge of vanadium’s effects. It has been observed by others 
that vanadium raises the transformation temperature slightly, 
with a small increase in the effect for steels of higher carbon 
content. For rough calculation we use the approximation that 
0.01 per cent vanadium raises the Ac, 2 to 4 F depending on 
the carbon content. 

With regard to the authors’ statement that vanadium has a 
slight tendency to increase thermal sluggishness and air-harden- 
ability, we feel that some confusion may exist. It has been 
shown by Grossmann and others that small amounts of vana- 
dium, below approximately 0.07 per cent, have a very strong 
effect on the hardenability of carbon and low alloy steels. As 
the vanadium content is increased, vanadium-containing carbide 
particles are dissolved in the austenite at ordinary heat-treating 
temperatures with increasing difficulty. The presence of such 
undissolved carbides appears to hasten transformation, thus 
counteracting the effect of the vanadium in solution. With 
appreciable amounts of chromium and particularly molybdenum 
present to form carbide particles, and with relatively low aus- 
tenitizing temperature, we feel that the effects of vanadium on 
transformation are relatively minor, but that the larger quanti- 
ties would be found to lower hardenability if other elements 
were sufficiently alike to permit a careful comparison. 

We got the wrong impression from the authors’ statement that 
vanadium tends to spheroidize carbides, but the disagreement 
may be in the meaning of the word spheroidize. We know that 
vanadium is a strong carbide former and that vanadium-contain- 
ing carbides are difficultly soluble, but that vanadium does not 
hasten the growth of small carbide particles into longer spher- 
oids, which, to us at least, is implied by the authors’ statement. 
On the other hand, we believe that the resistance to growth or 
coalescence of vanadium-containing carbides is the key to vana- 
dium’s effect in resisting softening at elevated temperatures. 

We were quite surprised to hear vanadium credited with caus- 
ing a coarser dendrite structure. Just the opposite has been 
observed in cast steels for many years. A beneficial effect has 
been observed in many types of alloy. steels; tougher as-cast 
structures have resulted from the addition of 0.08 to 0.20 per 
cent vanadium. An analogous condition exists in the use of 
vanadium in ingots for large forgings where forgeability and 
transverse properties are definitely improved. We would like 
to see more evidence than is given in this paper to substantiate 
the authors’ statement. 

As to the authors’ findings on vanadium’s effect on tensile 
properties, we believe that the situation is somewhat similar 
to that regarding hardenability. In these relatively high alloy, 
low carbon steels the effect of vanadium on room temperature 
tensile properties is overshadowed by other factors. 

We were impressed by the observation that as-cast and stress- 
relieved plates of these steels had tensile properties similar to 
those with normalized and tempered heat treatments, which 
illustrates their thermal insensitivity. We believe that this helps 
to explain the observed lack of response to vanadium additions 
with respect to room temperature properties. 


1 Metallurgical Engr., Vanadium Corp. of America, Bridgeville, Pa. 
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A. J. Kester: * Were these steels aluminum killed? 

Mr. GotpsMiTH: Yes, with 2 lb of aluminum addition. 

Mr. MEINHART (Authors’ Reply): The authors wish to thank 
Mr. Merrill for his interesting discussion and contribution which 
he has made to this paper. 

Thermal sluggishness as revealed by the dilatometer curves 
definitely is an indication of hardenability. However, the rapid 
cooling rate of 50 C or 90 F per minute used in the dilatometer 
test is much slower than that of the water quench used in the 
Jominy hardenability tests. This may account for some of the 
differences between our results and those mentioned by Mr. 
Merrill. The data presented in this paper and that given in a 
previous paper on similar steels without chromium (Ref. 6) 
show that raising the vanadium content from 0 to about 0.3 
per cent results in a small increase in thermal sluggishness. On 
the other hand, vanadium appears to have a more pronounced 
effect on increasing the hardness in the higher carbon groups. 
Carbcn, chrcmium and molybdenum are all more effective in 
increasing the thermal sluggishness than vanadium. 

The chromium and molybdenum levels of the steels used in 
these tests are becoming important in the casting industry, be- 
cause of the good high temperature properties they confer. It 
is likewise well known that vanadium increases the creep resist- 
ance of these steels at elevated temperatures. 

The statement that vanadium tends to spheroidize carbides 
may be a little misleading. More fine spheroidal carbides have 
been observed in these steels as the vanadium content was 
increased. This was most evident in the low carbon group and 
at least partially resulted from closing of the gamma loop by 


2 Chief Foundry Met., General Electric Corp., Schenectady, N. Y. 


275 


the vanadium. The carbides of vanadium appear more stable 
than those of iron, chromium and molybdenum. Hence they 
resist going into solution during heat treatment and the remains 
of the original pearlite structure partially spheroidizes. The 
stability and sluggishness of these carbide results in a fine irregu- 
lar dispersion of carbides in the pearlite during transformation 
instead of the true lamellar form usually observed in carbon or 
low-alloy steels. 

The more pronounced dendritic pattern has been found in a 
number of samples containing between 0.2 and 0.3 per cent 
vanadium, however, no detrimental effect on toughness accom- 
panied the appearance of this pattern in the heat treated steels 
(See Serial Nos. 13 and 16 of Table | in the paper). The grain 
size of the high vanadium steel is much finer than that of the 
vanadium free steel. Therefore, the dendrite pattern appears 
more pronounced in the former when comparing the two steels 
at the same magnification. 

It is agreed that vanadium additions to these steels usually 
do not exceed 0.10 to 0.15 per cent. Nevertheless, the authors 
considered it worthwhile to cover the field thoroughly and ob- 
tain data both in this range as well as up to about 0.30 per 
cent vanadium, all of which is presented in Table 1. 

With regard to Mr. Merrill's remarks about tensile properties 
of plates used for welding, it should be noted that all plates 
were subjecied to a triple heat treatment before welding and 
stress relieved after welding. Therefore, properties of the parent 
metal away from the heat affected zone would be similar to 
those of the coupons subjected to the triple heat treatment. 
The properties of these steels are definitely improved by the 
triple heat treatment as compared with those obtained by stress 
relieving only. 








CORE OIL EVALUATION METHOD 


By 


A. E. Murton,* H. H. Fairfield* and B. Richardson* 


DuRING A COMPARATIVE INVESTIGATION of 19 commer- 
cial core oils, and several prospective binder materials 
carried out in the sand laboratories of the Mines 
Branch at the request of the Steel Castings Institute of 
Canada, certain findings appeared to be of general 
interest. These features include: 

(1) The addition of heating elements at the bottom 
of the laboratory core oven, and the installation of a 
positive adjustable draft system (late model core ovens 
have, as standard equipment, reflector plates which 
reflect heat toward bottom of cores). 

(2) A method of assessing core oils by means of oak- 
tree contour curves! for comparing the baking charac- 
teristics of two or more binder materials. 

(3) The effect of humid storage on the strength ot 
baked cores. 

(4) The effects of high oven humidities on the baked 
strength of core oils. 


Core Oven Alterations 

In the testing of core oils certain inconsistencies 
inherent in such naturally occurring substances as 
sand and vegetable oils impose themselves upon a 
system of testing which already has room for varia- 
tion in results. The strength of cores made using 
the same core oil with AFS 50/70 test sand and dis- 
tilled water, mixed, rammed up and baked under 
closely controlled duplicate conditions? will vary from 
day to day for reasons which are not yet apparent. 

This day-to-day variation was reduced to some extent 
by alterations to the core baking set-up at the Mines 
Branch. Three 1,000-watt domestic stove heating ele- 
ments of the “calrod” type were coiled in a 14-in. deep 
well in the transite board which forms the base of the 
core oven. Two of these elements are manually con- 
trolled; the third is thermostatically controlled by a 
Dekhotinsky-type thermostat similar to the one which 
originally came with the oven. The new thermostat 
was mounted where it would be below the cores during 
the time of bake (the thermostat originally supplied is 
mounted just above the core baking region). 

The lower thermostat and thermometer can be drawn 
out to allow passage of the core trays. This new arrange- 
ment ensures a close temperature control both above 
and below the cores throughout the baking cycle, and 
the total variation amounts to less than + 2 F as read 
on the oven thermometers. 

In the original installation the 4-in. chimney pipe 
from the core oven was led out through a window, 
with the result that on certain windy days the core 
gases were blown back in the pipe and out the oven 
door. An exhaust fan consisting of a size “O” utility 





*Metallurgist, Physical Metallurgy Div., Mines Branch, Dept. 
of Mines and Technical Surveys, Ottawa, Ont., Canada; chief 
metallurgist, Wm. Kennedy & Sons Co. Ltd., Owen Sound, Ont., 
Canada; and research engineer, Steel Castings Institute of Canada, 
Ottawa, Ont., Canada, respectively. 
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blower directly connected to a 1/20 hp, 1800 rpm, 60 
cycle motor was placed in the smoke pipe. This fan 
provided a positive exhaust, but the wind still had 
some effect on the speed of bake, so a draft gage was 
installed, the leads from which go to either side of an 
orifice plate with a 1-in. diameter hole* installed in 
the 4-in. chimney pipe. A damper in the pipe is regu- 
lated to give a pressure difference across the orifice of 
0.25 in. of water, and this pressure is closely main- 
tained at all times. 

These changes may be seen in Fig. 1, which shows 
the core oven with the door removed so that the new 
heating coils may be seen. The thermostats and ther- 
mometers mounted above and below the baking zone 
in the oven may be seen on the left-hand side. The 
exhaust fan and draft gage are above and to the right 
of the oven. 

Improvements in operation resulting from the oven 
modifications are: 

(1) The oven comes to temperature much more 
quickly. 

(2) Baking temperatures are maintained within 
+ 2F both above and below the baking cores. 


Fig. 1—Core oven with door removed to show electric 
heating elements in bottom. The control thermostats 
are on the left-hand side of the oven; draft gage is on 
at right, and exhaust fan above draft gage. 
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Fig. 2—Cores on left were baked with lower heating 
element off. Core on extreme left is top-side up, 
next core bottom-side up. Cores on right were baked 
same length of time at same temperature (baked 40 
min at 450F) with upper and lower heaters on. 


(3) When a full load of cores is placed in the oven 
the temperature drops, but the baking temperature 
is retovered more quickly since the new heaters were 
installed in the bottom of the oven. 

(4) The “band” of results for baking the same core 
mix at 400F on different days has been narrowed by 
about one half for this particular core oven. 

(5) The cores are baked to the same hardness on the 
bottom and on the top. 

A possible disadvantage in all-electric baking is the 
lack of combustion gases from the burning of fuel. 
The pressure of these gaseous products does have an 
effect on the baking process in oil- or gas-fired ovens* 
so that the results of cores baked in the all-electric oven 
are comparative among themselves but cannot be com- 
pared directly with test cores baked in a fuel-fired oven. 

Cores containing a bake-out dye were baked with the 
new bottom heating coils on and off. The two cores 
on the left in Fig. 2 were baked with the bottom ele- 
ments turned off. The core on the extreme left is top 
side up and the one next to it is bottom side up. Shad- 
ing from dark to light may be seen on the ends of 
these cores. The two cores on the right in Fig. 2 were 
rammed from the same mix but baked with both top 
and bottom elements turned on. All cores in this test 
were baked 40 min at 450F. The cores on the left 
crumbled on the bottom although they were hard on 
top. Those on the right were hard top and bottom. 
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The band of results for one core oil on the conven- 
tional core baking curves at the maximum strength for 
a 400F bake was approximately 42 psi wide previous to 
the core oven alterations, and is now about 18 psi wide 
at the same location for the same core oil. 


Assessing Core Oils by Baked Strength Testing 


In the evaluation of core oils on the basis of baked 
strength, the requirements to be considered for steel 
foundry cores are: 

(1) Rapid strength attainment so that large cores 
will not require excessive baking time. 

(2) Hold strength for a long time in order that small 
cores will not be burned out while the large cores are 
being baked through, and so that the large cores will 
not be overbaked on the outside before the inside is 
thoroughly cured. 

(3) Not be too sensitive to ordinary variations in 
oven temperature. 

(4) Bake up at reasonably low temperatures for fuel 
economy in the core oven. 

(5) Economical in satisfying these requirements. 

In testing core oils a standard mixture is prepared. 
The mixture used in this investigation consisted of 
A.F.S. 50/70 test sand, 3000 grams; test core oil, 30 
grams; distilled water, 90 grams. 

The A.F.S. tensile test cores were rammed and baked. 
The relationship of baking time, temperature, and ten- 
sile strength is shown in Fig. 3. This curve shows that 
with core oil (A) a strength of 125 psi was reached in 
280 min when baked at 300F; 67 min at 350F; 45 min 
at 400F; and 35 min at 450F. 

Compilation of a graph such as shown in Fig. 3 
requires a great deal of test work. Fortunately, the 
patterns of such curves for vegetable-base core oils have 
common characteristics, and after completing similar 
graphs for 20 commercial core oils certain trends be- 
came apparent for all of the oils tested: 

(1) Oil-sand mixtures attain maximum strength 
more quickly when baked at high temperatures than 
at lower temperatures. 

(2) Oil-sand mixtures retain maximum strength over 
a longer bake time interval at lower temperatures. 

(3) The curve shown in Fig. 4 was taken from the 
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results of complete baking tests for 20 core oils. With- 
in the loop are plotted the time-temperature points for 
the attainment of maximum strength for the satisfac- 
tory core oils. Where the maximum strength of any oil 
at any temperature fell below the loop, those oils 
tended to underbake. When the maximum strengths 
fell above or to the right of the loop, those oils tended 
to overbake. 

It is suggested that the evaluation of commercial 
core oils be carried out as follows: 

(1) Bake cores at 400F for 30, 45, 60, 90 and 100 
min using a standard mix. 

(2) Record maximum baked strength. 

(3) Plot the baked strength and record: (a) time to 
reach 80 per cent of maximum strength; (b) time when 
overbaked core drops below 80 per cent of maximum 
tensile strength. 

(4) Those oils which have suitable characteristics 
can be rated in terms of cost of oil per ton of core sand 
mixed to give 200 psi maximum strength at 400F. 

Figure 5 shows curves for two core oils based on 80 
per cent of the maximum strength reached during a 
bake at 400F. It is immediately apparent that oil No. 
16 bakes to a strength of 141 psi more rapidly than oil 
No. 17 bakes to a strength of 106 psi. Economics per- 
mitting, the strength of oil No. 17 could be increased 
by using more oil, with the possible consequent dis- 
advantage of a larger gas evolution in the mold, but 
there is no guarantee that it would bake up any faster. 
Table 1 gives suggested rated values for core oils ac- 
cording to this scheme based on l-in. A.F.S. tensile 
specimens standard-rammed from core mixes contain- 
ing | per cent test oil and 3 per cent distilled water in 
A.F.S. 50/70 test sand, and baked in the oven previ- 
ously described. 


Arbitrary Standard: An alternative method of assess- 
ment is suggested where complete baking cycles are 
carried out at 300, 350, 400, 450 and 500F and results 
plotted as in Fig. 3. Core oil can be assessed on the 
basis of an arbitrary standard and for this method a 
fixed standard of 125 psi was selected. Figure 6 shows 
the 125 psi curves for the same two oils represented in 
Fig. 5. Oil No. 16 comes up to 125 psi tensile strength 


in about 39 min, holds that strength for 4 hr with an 
allowable variation in baking temperature of minus 
35F plus 30F. Oil No. 17 requires just about | hr 54 
min to reach a strength of 125 psi, holds that strength 
for only 4 hr with, at times, no allowable variation 
in oven temperature. Oil No. 16 would bake up just 
about as well at 350F, whereas oil No. 17 would not. 

Based on the 125-psi criterion and on test data taken 
from baked strength results on 19 commercial core 
oils, assessment standards are given in Table 2. 


Effect of Humid Storage on the Strength 
of Baked Cores 

One of the most significant tests in this series was 
the one concerned with the drop in strength of baked 
cores stored for 24 hr at various humidities from zero 
to 100 per cent. The results appear to be of immediate 
practical importance to foundries located in those 
parts of the country where the humidity hovers be- 
tween 70 and 80 per cent or higher for many months 
of the year. While humidity has a temperature co- 


TABLE 1—BAKED STRENGTHS FOR Core OILS 
RATED ON 80% oF MAx. STRENGTH AT 400F. 
Time at 80% of 


Max. 400 F Baked 
Strength for 375 F 





Lowest Temp. Allowable 
of Bake for Variation 








Oil Bake, min Standard in Oven 
Rating From To Strength, F Temp., F 
Above Avg. 45 300 350 60 

Avg. 60 300 350 40-60 
Below Avg. 75 300 365 20-40 
Poor 75 plus 270 365 plus 20 or less 





TABLE 2—BAKED STRENGTH FOR Core O1Ls RATED 
ON Basis OF 125 pst aT 375F. 





Lowest Baking Allowable 
Temp.,for Variation 


Time at 125 psi, 
Baked at 375 F, 





Oil min Standard in Oven 
Rating From To Strength, F Temp.., F 
(A) Above Avg. 45 300 350 60 plus 
(B) Avg. 60 300 350 40-50 

(C) Below Avg. 60 270 365 plus 20-40 

(D) Poor 60 plus 270 365 plus 20 or less 
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efficient, the same 70 grains of moisture per pound of 
dry air which give about 90 per cent relative humidity 
at 60F will still give the air at 70F a humidity of 65 
per cent. Fairly high indoor humidity conditions 
usually persist in Eastern Canada from the time of the 
spring breakup right through summer and up until the 
first cool days of fall. 

The annual percentage relative humidity taken at 
8:00 a.m. for many years in some United States cities 
having climates somewhat similar to cities and towns 
in Canada are: Bismarck, N. D., 81; Burlington, Vt., 
77; Buffalo, N. Y., 78; Chicago, Ill., 76; Milwaukee, 
Wis., 78; Port Huron, Mich., 81. 

It can be assumed that the 75 per cent humidity test 
will be closest to that encountered in foundry core 
storage, and some of the test cores were seriously weak- 
ened when stored at that humidity. One hundred per 
cent humidity lasting 48 hr will be encountered oc- 
casionally in Eastern Canada during a warm rainy 
spell. 

Method of Testing: The cores were standard rammed 
A.F.S. tensile specimens baked for 90 min at 400F. The 
core mix was made up as follows: 1500 grams A.F:S. 
50/70 test sand; 15 grams test oil; 45 grams distilled 
water. 

Sixteen cores were rammed up for each test oil, 
baked together and stored at room temperature for 24 
hr at different humidities. Four of the oil cores were 
stored in dry air while the remaining 12 were stored— 
one lot of four cores at 50 per cent relative humidity, 
one lot of four at 75 per cent relative humidity, and 
one lot at 100 per cent humidity. Table 3 gives the 
results of these tests. 

Further work should be directed toward finding an 
ingredient which, while not harmful to the desirable 
qualities, might lessen the tendency of the cores to 
weaken in storage. In the meantime dry storage of 
cores could be considered. In this connection 25 per 
cent relative humidity would probably be a safe level. 
Also, most of the weakening of the cores seems to take 
place within the first 24 hr in storage. 

Cores which have been weakened by storage at high 
humidities do not recover their strength by further 
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TABLE 3—BAKED TENSILE STRENGTH FOR Cores STORED 
24 Hours aT RooM TEMPERATURE AT RELATIVE 
Humipities As SHOWN. 

Baked Strength, psi 











50% 75% 100% 
Oil “Dry” R.H. R.H. R.H. 
No. Storage Storage Storage Storage 
1 166 150 135 82 
2 136 134 129 91 
3 200 175 146 84 
4 151 138 124 88 
5 146 146 118 82 
6 190 184 174 131 
7 194 174 159 119 
8 165 156 144 106 
9 196 180 160 137 
10 155 149 126 97 
11 118 109 103 75 
12 124 105 74 45 
13 136 122 91 55 
14 157 151 133 86 
15 15.5 12.7 1] -- 
16 185 174 159 110 
17 140 122 88 62 
18 207 188 156 111 
19 137 122 91 51 
Avg. 154 142 122 85 





storage at low humidities. The strength can, however, 
be recovered by redrying the cores in an oven at about 
220F.* 

Variations in humidity have long been blamed for 
variations in the baked strengths of test cores. The 
effect of this factor was studied by baking 20 core oils 
with high oven humidities at 400F and comparing the 
results with those obtained on the same oils at normal 
humidities. 

To make this test the core oven previously de- 
scribed was fitted with an evaporating pan placed 
over the bottom heating coils, as shown in Fig. 7. 
Sufficient water was dripped into the pan at a constant 
rate through the needle valve-funnel arrangement to 
give a dew point in the oven of about 120F. The full 
line in Fig. 8 shows the average of 29 test bakes of 
20 core oils, 19 of which were baked once each, while 
the twentieth was baked 10 times at usual humidities. 
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Fig. 7—Below—The core oven was 
fitted with an evaporating pan 
placed over the bottom heating 
coils for humid baking of test cores. 
Right—Needle valve and funnel ar- 
ranged to control flow. of water to 
the evaporating pan. 










The dotted line is the average for 29 exactly similar 
bakes except at the high humidity. All of the oils were 
found to be affected when results for the individual 
core oils were compared. The two sets of averages 
from this large number of samples leave little doubt 
as to the general effect of oven humidity. It will be 
seen that the moisture level in the core oven does not 
affect the strength of oil in sand cores but does affect 
the time of bake. 

Theoretically, such a result is to be expected when 
it is realized that a large part of the baking time for 
cores is consumed in evaporating off the water which 
the cores contain, and that once this water has been 
removed, the oil in the cores bakes up very rapidly. 
It is, then, only to be expected that a high partial 
pressure of water vapor in the oven atmosphere would 
extend that portion of the baking time devoted to the 
removal of water from the cores. The results of this 
study tend to confirm the theory. 

Further work is being directed toward finding the 
relationship which would seem to exist between oven 
humidity and the displacement of the humid bake 
curve shown in Fig. 8. 
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DISCUSSION 


Chairman: E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Co-Chairman: H. K. Savzperc, The Borden Co., Bainbridge, 
mM. %. 

F. S. BREWsTER (Written Discussion):' The authors are to be 
congratulated for attacking this very pressing problem of stand- 
ardizing baked core strength of various oils. The variables are 
numerous and sometimes elusive. Every step in the preparation 
of the test core and its final baking has a bearing on the final 
result, 

We have today standard sand, a reference oil and a standard 
laboratory oven. These are a start but still leave many variables 
at large. é 


1 General Manager, Harry W. Dietert Co., Detroit. 
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I'he authors’ work shows clearly how variations in the installa 
tion of the core oven can change results. In a process so depend 
ent on controlled air circulation, exposure to changing atmo 
spheric conditions is bound to upset the process. 

The exhaust stack of the oven should contain an atmospheric 
vent or draft breaker and should extend vertically 5 ft above 
any nearby roof tops. Where this is impossible, a small exhaust 
fan can be used—always including the atmospheric vent. 

It is necessary that the oven be equipped with a bright re 
fiector plate beiow the core plate level to equalize heating rate. 
The omission of this plate would cause the differences noted by 
the authors between top and bottom of the specimens. 

The following table shows the range of hardness one can 
expect from the oven unless property installed. 


TasiLe 1—‘HarpNeEss’ oF Cores BAKED AT 425 F 
FOR 75 MIN. 








Core No. Rotary Dry Hardness 
Top Bottom 
. 1 69 69 
2 67 70 
3 66 66 
4 68 68 
5 66 67 





We would expect to find that any slight variation in prepara- 
tion of the cores to show up prominently in the early stages of 
the bake. Figure 8 shows how fast strength is changing in the 
30 to 60-min range. Any slight difference in the rate of moisture 
removal or rate of temperature rise is magnified in this stage of 
the bake. 

In regard to the effect of humidity on tensile strength, we 
must be very careful in the interpretation of results. The A.F.S. 
Subcommittee on Core Strength is now engaged in studying this 
point and finds it somewhat complicated. In the first place, it 
is apparent that we should use absolute humidity rather than 
relative figures. It is the weight of water per cubic foot of air 
entering the oven that determines the humidity of the oven air. 
Secondly, the relationship does not seem to be a continuous 
curve. There are high and low points and flat stretches. Thus, 
in one range of humidity, tensile strength may increase with 
humidity, in another it may decrease and in another there 
may be little or no change. The hope of the Committee is to 
collect reliable data to the point where tensile results can be 
corrected to some chosen point on the humidity curve, providing 
the absolute humidity is known at the time of baking. In one 
location in Michigan it was observed that during a year’s time, 
absolute humidity ranged from 2 to 12 grains per cubic foot of 
dry air. The average for the year cannot be applied to any one 
test made during that time. 

The authors have made a fine contribution to the evaluation 
of core oils by their contour curve method of plotting results. 
It is a clear and practical way of showing the useful baking 
range of an oil. ‘The contour curve should repiace the family 
type of curves in the interests of simplicity and clarity. 
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CHAIRMAN ZiRzow: I want to call your attention to the fact 
that these tests were all run on straight oil-sand.cores. There 
was no cereal in these cores. If we introduce cereal we intro- 
duce other variables and that is why we left that out. 

I agree with Mr. Brewster that there are peaks and valleys in 
the humidity. I do not blame that on humidity but on the 
failure to determine humidity in the oven. 

MEMBER: I was impressed by the method of setting up these 
contour curves. Chairman Zirzow mentioned that these tests 
were run without cereal in the sand mixture. In 90 per cent of 
the sand mixtures used in the foundry, corn flour is used and 
it has an effect on the oil. Therefore I believe it is necessary to 
run the test with the amount of cereal that is going to be used 
in production in the foundry. 

For many years I have recognized that moisture or humidity 
is an important factor in storage of core oils. You can determine 
the loss in strength of a core oil bond between two different oils 
due to storage. When cereal is added to the sand mixture that 
condition may be reversed. An indication of that is the green 
strength you will get from your mixes. 

In determining the baking range of core oils the most im- 
portant range is the range past the peak strength. Oil that will 
reach its peak strength early and hold its peak strength on a 
long bake is more important than one which will come close to 
its peak strength early but not reach its peak strength. 

Mr. FarirFiELD: When checking the contour curves (Fig. 4) 
of some 24 different oils, we found that the time they reached 
their maximum strength was practically identical for all of them. 
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At 500 F, for example, all of the available oils come to maxi- 
mum strength within a matter of a few minutes of each other. 
At 400 F all of the oils came to their maximum strength within 
+ 10-min period. Of course, the important difference is that 
some of them retain their strength for longer periods than others. 

Mr. RICHARDSON (Authors’ Closure): The authors are particu- 
larly pleased to find such a large area of agreement between 
these comments and our own findings, all the more so when 
the wealth of practical experience of Mr. Brewster and others 
is considered. We especially appreciate this discussion where it 
suggests a future line of investigation such as adding cereal 
binders to the oil cores. 

With regard to the oven installation; what we were after, 
fan or no fan, gauge or no gauge, vent or no vent, was a more 
consistent bake day-to-day and season-to-season of the standard 
ingredients mixed and molded according to standard A.F.S. pro- 
cedures. We achieved our best results with the arrangement 
described. Others might do better with a different arrangement. 
That depends on variables which have not yet been isolated or 
even recognized. As to the reflector plate, we will have to try 
one out and see how it compares with our bottom heaters. 

In connection with the humid bake we agree that fundamental 
units are useful. We measured the dew point and that is a 
fundamental unit. Relative humidities are equally fundamental 
when the temperature is specified since grains of water per 
pound of dry air may be read directly off of the psychrometric 
chart. Our results were given for one high oven humidity and 
we would like to see something similar for varying oven humidi- 
ties related to time and temperature of bake. 








IMPROVEMENT OF MACHINABILITY IN HIGH - PHOSPHORUS 
GRAY CAST IRON - PART II 


By 


W. W. Austin, Jr.* 


ABSTRACT 


This paper reviews additional results of an investigation car- 
ried out at Southern Research Institute under the sponsorship 
of The Woodward Iron Company of Birmingham, Alabama. 
Foundry scale applications of the previously described’ desul- 
phurization-zirconium addition treatment for machinability im- 
provement in high-phosphorus gray iron are described, and 
performance data including cost estimates and results of tool 
life machinability tests are presented. 

The results of this work indicate that significant improve- 
ment in machinability may be accomplished through applica- 
tion of the proposed treatment under foundry operating condi- 
tions. While best results were obtained by desulphurization 
with calcium carbide in the basic-lined cupola followed by 
ladle addition of zirconium ferrosilicon, published results* indi- 
cate that satisfactory sulphur elimination may also be obtained 
with caustic soda employing a special reladling technique. The 
total cost of the proposed zirconium treatment utilizing caustic 
soda desulphurization is estimated from current prices at $2.75 
per ton of treated iron. 


Introduction and Summary 


IN A PREVIOUS PAPER! the results of laboratory 
scale experiments on improvement of machinability 
in high-phosphorus gray iron were set forth. It was 
found in this preliminary investigation that signifi- 
cant improvements in machinability could be effected 
through a combined desulphurization-zirconium addi- 
tion treatment. More specifically, this treatment, 
found to be most effective on high-phosphorus irons 
of eutectic or slightly hypereutectic composition, con- 
sisted essentially of desulphurization to 0.02 per cent 
S maximum, followed by the ladle addition of ap- 
proximately 0.12 to 0.15 per cent zirconium in the 
form of 13 per cent zirconium-ferrosilicon. Increased 
machinability ratings on the order of 40 to 45 per 
cent were obtained employing a simple drill penetra- 
tion test. 

Since the publication of this initial paper,’ the 
scope of the investigation has been expanded to in- 
clude a number of foundry scale tests. Moreover, 
studies of additional experimental methods and more 


*Senior Metallurgist, Southern Research Institute, Birming- 
ham, Alabama. 
*Small superior numerals refer to bibliography at end of 


paper. 





282 


comprehensive procedures for evaluating machinabil- 
ity have been undertaken. It will be the purpose of 
the present paper to summarize the results of this ex- 
panded investigation and to indicate how these find- 
ings may be most effectively applied to commercial 
foundry operations. 

In general, it has been found that foundry scale 
desulphurization to the extent required for optimum 
machinability improvement (i.e., 0.015 per cent to 
0.020 per cent S) is not easy. There are, nevertheless, 
commercially feasible methods of achieving sulphur 
contents in this range. A proprietary reladling tech- 
nique employing caustic soda,? the introduction of 
powdered calcium carbide into the molten iron,’ and 
the basic-lined cupola with calcium carbide in the 
charge* are cited as examples of suitable commercial 
desulphurizing procedures. 

Following desulphurization the ladle addition of 
0.12 to 0.15 per cent of zirconium in the form of 13 
per cent zirconium-ferrosilicon has been confirmed as 
a satisfactory method of controlling microstructure to 
give the desired improvement in machinability. Since 
this addition requires metal temperatures in the 
neighborhood of 2600 to 2800 F for effective alloy dis- 
solution, it is important that the highest practicable 
spout temperature be maintained. In this connection 
the basic-lined cupola employing lump calcium car- 
bide in the charge has been shown capable of pro- 
ducing low-sulphur iron with spot temperatures in 
excess of 2900 F.t This naturally makes an ideal 
melting practice for desulphurizing and zirconium 
alloy addition. 

Finally, it has been shown that where thorough de- 
sulphurization is impractical, the ladle addition of 13 
per cent zirconium-ferrosilicon alone is sufficient to 
produce appreciable machinability improvement in 
normal gray iron analyses. This application is now 
in commercial operation in at least one production 
foundry in the Birmingham district. 


Experimental Methods and Discussion of Results 


Experimental work has been carried out on three 
separate but related phases of the investigation. These 
may be classified as additional laboratory studies, 
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foundry scale operations, and machinability evalua- 
tions. 

More than 150 additional laboratory heats have 
been prepared for the purpose of studying alloying 
agents and desulphurization methods. This work con- 
sisted of induction furnace melting of selected base 
iron charges employing standardized melting and 
casting procedures in order to eliminate uncontrolled 
variables insofar as possible. As previously indicated, 
the base iron employed conformed except for its phos- 
phorus content (0.60 to 0.65 per cent P) to specifica- 
tion No. 110 “Automotive Soft Iron” of the Society 
of Automotive Engineers (Table 1). 


TABLE 1—AUTOMOTIVE SoFT IRON 
S.A.E. Specification No. 110° 








To To 

Min Max 
Total Carbon 3.40 3.70 
Silicon 2.30 2.80 
Manganese 0.50 0.80 
Sulphur ies 0.12 
Phosphorus ey 0.25 





For melting of laboratory heats a 20-kw frequency 
converter equipped with 12-lb and 30-lb induction 
furnaces, and a 50-kw converter with 100-lb and 250- 
Ib furnaces were used. Test specimens consisted of 
the keyhole-type chill specimen described previously 
(Fig. 1), the standard 1.20-in. dia. x 22-in. long trans- 
verse bar, and cylindrical specimens (3.75-in. o.p. x 
2.5-in. 1.D. x 13-in. long) for tool life machinability 
tests. Keyhole chill specimens and the 1.20-in. trans- 
verse bars were cast in dry sand while the cylindrical 
specimens were cast in green sand. 























CAST IRON 
CHILL BLOCK 




















Fig. 1—Keyhole-type chill test specimen. 


The drill penetration test described previously has 
been used throughout this investigation for the evalu- 
ation of machinability. In the later phases of the 
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work this test has been supplemented by tool life 
tests as described by Boston." 


Desulphurization Methods 


In view of the low sulphur content required for 
optimum effectiveness of zirconium additions, an ex- 
tensive study was made of desulphurization methods. 
Preliminary work indicated that adequate desulphuri- 
zation could be achieved with large (2 to 3 per cent) 
additions of soda ash, or through a two-stage soda- 
ash treatment. However, due to excessive refractory 
costs and handling difficulties involved with foundry 
application of such treatments, it was desirable to 
devise better desulphurizing techniques. With this 
objective in mind, laboratory studies were made of 
metallic magnesium additions and certain synthetic 
basic slags. Foundry scale experiments on desulphur- 
izing with calcium carbide and basic refractories were 
also conducted, with some interesting results. 

Through current developments in the production 
of nodular graphite cast iron® it is well known that 
small additions of magnesium to gray iron will exert 
a pronounced desulphurizing action. Consequently, 
magnesium desulphurization was investigated in con- 
nection with zirconium additions for machinability 
improvement. 

While it was found that the addition of 0.20 to 
0.30 per cent magnesium would reduce sulphur con- 
tents from 0.08 per cent S to as low as 0.035 per cent 
S, it was also observed that the magnesium addition 
was accompanied by a decided chilling effect. This 
resulted in substantially increased hardness and ad- 
versely affected the machinability of the treated speci- 
mens. 

The addition of 1.0 per cent zirconium-ferrosilicon 
overcame the chilling effect produced by magnesium 
and produced a structure substantially equivalent to 
that of the untreated base iron. While these findings 
confirm the desulphurizing power of magnesium and 
the softening effect of zirconium-ferrosilicon additions 
to low-sulphur irons, they unfortunately also reveal 
the highly detrimental chilling effect frequently as- 
sociated with magnesium additions. In view of these 
facts, the use of magnesium as a desulphurizing agent 
in connection with treatments for improving mach- 
inability does not appear to be promising. 

Experimental results of a more promising nature 
were obtained through desulphurization of laboratory 
scale heats with a highly basic synthetic slag. For this 
purpose a mixture containing 48 per cent quicklime, 
47 per cent fluorspar, and 5 per cent cryolite was 
added to a high-sulphur iron and held 15 min at 
2500 to 2700 F in the induction furnace. It was 
found that a single addition of 3.0 per cent of this 
slag would reduce the sulphur content of a 0.11 per 
cent S iron by approximately 50 per cent, while a two 
stage treatment using 5.0 per cent additions would 
reduce the sulphur content of a 0.08 per cent S iron 
to 0.010 per cent S. 

Although additional work on this subject was sus- 
pended when highly favorable foundry scale results 
of desulphurization with basic refractories and cal- 
cium carbide were made available,‘ it is believed that 
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a desulphurization treatment comparing favorably 
with the conventional soda-ash treatment may be de- 
vised using basic raw materials of this type. 


Alloy Additions for Improvement of Machinability 


Aside from the investigation of desulphurization 
methods, a parallel study was made of a number of 
alloy addition agents for use in improvement of 
machinability by direct addition without resorting to 
desulphurization. In this phase of the work, a selected 
group of alloy materials was examined systematically 
for evidence of beneficial effects upon the machin- 
ability of high-phosphorus gray iron. Since the pro- 
duction of optimum machinability in as-cast gray iron 
depends largely on the decomposition of pearlitic iron 
carbide to free ferrite and graphite, a majority of the 
addition agents were selected because of their recog- 
nized abilities to favor carbide decomposition. Among 
the materials studied were: calcium-silicon alloy, cal- 
cium-magnesium-silicon alloy, low-carbon and _high- 
carbon ferrotitanium, copper-titanium alloy, ferrobor- 
on, cerium, bismuth, and copper-bismuth alloys. 

Of all the addition agents investigated, the most 
potent in influencing the structure and machinability 
of the high-phosphorus base iron was bismuth. AI- 
though insufficient data are available at the present 
time to explain all of the somewhat anomalous effects 
of bismuth additions, several specific trends have been 
observed which are of definite interest in the study of 
machinability improvement. 

The use of bismuth as an addition agent to cast 
iron was studied by Smith and Aufderhaar? who re- 
ported that it promoted graphitization of combined 
carbon in heavy sections, thus lowering the strength 
and hardness. While no specific effects upon machin- 
ability were described, graphitization and softening 
indicated likelihood of improved machinability. 

In a series of laboratory heats it was found that the 





Fig. 2—Chilling effect resulting from a 0.10%, Bi addi- 
tion. Top: Untreated base iron; Bottom: Same iron 
plus 0.10% Bi. 
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addition of as little as 0.01 per cent bismuth caused.a 
marked change in the structure and properties of the 
iron, while the addition of 0.10 per cent bismuth re 
sulted in improvement of the drill penetration rating 
on the order of 85 per cent over that of the as-casi 
base iron. Indeed, except for fully-annealed speci 
mens, drill penetration ratings on bismuth-treated 
heats were the highest observed in the entire investi- 
gation. Unfortunately, a pronounced increase in 
chilling tendency was also observed (Fig. 2). More- 
over, the degree of chilling was shown to be closely 
related to pouring temperatures (Fig. 3), a factor 
which makes accurate control of results even more 
difficult. 
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Fig. 3—Chill depth vs pouring temperature in bis- 
muth-treated (0.01% Bit) iron. 


Another adverse effect accompanying bismuth ad- 
ditions was the occurrence of a banded structure at 
the surface of the casting. While the microstructure 
of the interior of a 114-in. section was largely ferritic, 
a condition characterized by the formation of a pear- 
litic band or zone approximately 4 in. in depth oc- 
curred at the surface of the casting (Fig. 4, 5, 6). 
This pearlitic zone is substantially harder than the 
interior structure and actually possesses poorer mach- 
inability than the untreated base iron. 

Since simultaneous additions of bismuth with nu- 
merous other alloys, inoculants, and prior desulphuri- 
zation were all of negligible effect in overcoming 
these adverse conditions, bismuth must be regarded 
at this time as a rather unpredictable agent whose 
harmful influences more than offset the improvements 
associated with its use. 
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Fig. 4—Microstructure of untreated high-phosphorus 

base iron showing normal Type A graphite in pearlitic 
matrix. Mag. 200x. 





Fig. 5—Microstructure at center of 114-in. section of 
high-phosphorus base iron treated with 0.10% Bi 
showing predominantly ferritic matrix. Mag. 200x. 


. Pn Ca eS ekhAa Ss 
Fig. 6—High-phosphorus base iron treated with 0.10% 
Bi. Microstructure \ in. below surface of a 11%-in. 
section showing almost entirely pearlitic matrix with 
localized areas of fine Type B graphite. Mag. 200x. 
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Foundry Tests 


In addition to the laboratory scale experiments, 22 
cupola heats have been made for the purpose of evalu- 
ating and improving the proposed desulphurization- 
zirconium addition treatment described previously. 
Most of this work was done in 20 to 24-in. diam 
cupolas, although several tests were conducted em- 
ploying 1000-lb ladles of iron from a 42-in, diam pro- 
duction cupola. In the initial phases of the foundry 
work, a study was made of the possibilities of im- 
proving the effectiveness of the conventional soda-ash 
treatment for desulphurization of cupola iron. One 
approach to this was a study of the possibilities of de- 
vising a continuous desulphurization process employ- 
ing the counter current flow principle to soda-ash de- 
sulphurization. 


Counter Current Desulphurization 


Through the generous cooperation of Jackson In- 
dustries, Inc., Birmingham, Alabama, a refractory- 
lined trough or forehearth was installed on a 22-in. 
diam experimental cupola, as indicated in Fig. 7. 
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Fig. 7—Modified forehearth for counter-current 
desulphurization. 


This trough was lined with a proprietary refractory 
known to give satisfactory results with soda-ash de- 
sulphurization. After lining, the inside dimensions 
of the trough were 6 in. by 6 in. by 60 in. A slag dam 
prevented cupola slag from entering the desulphuriz- 
ing section, and at the lower, or discharge end, a tea- 
pot spout was provided for continuous tapping. Just 
below the slag dam a spent soda slag notch was pro- 
vided. In order to minimize heat losses, the entire 
length of the trough was covered with insulating fire 
brick. 

In operation, the preheated trough was allowed to 
fill with hot metal while simultaneous additions of 
soda ash briquettes were made, creating a layer of 
molten soda slag on the surface of the metal. As iron 
flowed through the trough at the normal melting rate 
of the cupola, predetermined additions of fresh soda 
ash were made at the discharge end, thereby raising 
the soda slag level until molten soda ash overflowed 
at the spent slag notch. Thus the purest soda ash was 
exposed to iron of lowest sulphur content in accord 
with the counter current principle. Using 30 to 35 Ib 
soda ash per ton of molten metal, maximum desul- 
phurization occurred after 20 to 30 minutes operation. 

Although the elimination of approximately 50 per 
cent (0.062 per cent S reduced to 0.030 per cent §S, 
or 0.046 per cent S reduced to 0.022 per cent S) of the 
sulphur content of cupola iron was achieved with this 
device, it is not considered sufficiently efficient for use 
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in connection with zirconium additions for improved 
machinability. Chief among the difficulties encount- 
ered was excessive heat loss. In addition to normal 
radiation losses from the relatively large surface area 
of the molten metal, the introduction of cold soda ash 
caused a substantial drop in temperature. Conse- 
quently, temperatures inside the trough were too low 
for optimum fluidity of the soda slag and much too 
low for effective alloy dissolution in the ladle. The 
process is, nevertheless, sound in principle, and with a 
reasonable amount of additional effort, it is believed 
that greatly improved operation could be achieved. 


Desulphurization with Calcium Carbide 


In the evaluation of various desulphurization tech- 
niques, attention was given to the use of powdered 
calcium carbide as a desulphurizer. For this purpose 
application was made, through the cooperation of the 
American Cast Iron Pipe Company and the Linde 
Air Products Company, of a novel addition technique. 
A dispensing unit was provided which, utilizing the 
principle of air-operated sand-blasting equipment, 
would inject a stream of powdered calcium carbide 
and dry nitrogen into the ladle of molten iron. In- 
timate contact between the metal and carbide was 
afforded by the violent agitation accompanying the 
injection of nitrogen; in this manner it was found 
that desulphurization could be accomplished very ef- 
fectively. Table 2 summarizes typical data from this 
series of heats. 


TABLE 2—LADLE DESULPHURIZATION WITH 
CALCIUM CARBIDE 


Specimen % % % % % 
No. Tc. Si Mn_ S&S 4 
C-17-0 3.64 2.48 0.50 0.060 0.69 Untreated base iron 
1 3.66 2.52 0.50 0.018 0.69 Desulphurized* 
C-16-1 3.34 2.23 0.61 0.016 ... Desulphurized” 
C-18-0 3.63 2.20 0.71 0.080 0.64 Untreated base iron 
1 soe iece) oon RG 0s Seed? 
2 3.64 2.72 0.69 0.010 0.64 Desulphurized plus 
1.25% Zr-Fe-Si* 
(a) 52 lb calcium carbide per ton metal injected during 6 min. 
(b) 33 Ib calcium carbide per ton metal injected during 8 min. 
(c) 46 lb calcium carbide per ton metal injected during 6 min. 
(d) 1.25% addition of 13% zirconium ferrosilicon gave 0.097% 
Zr residual. 





Remarks 








When applied to 2000-Ib ladles of molten cupola 
iron, a temperature drop of approximately 100 F re- 
sulted from the 6 to 8-min treatment. This is not 
considered a serious drawback in view of the almost 
phenomenal sulphur removal obtained. A distinct 
advantage of the treatment over conventional soda 
ash desulphurization is the complete freedom from 
erosion of ladle refractories. While this is a major 
problem with soda ash which forms a fluid, highly 
corrosive slag, the slag produced by calcium carbide 
is a solid granular dross-like material that shows no 
tendency to wet or attack ladle refractories. After 
the injection of carbide this slag rises to the surface 
where it may be easily skimmed off. 

Although material costs for calcium carbide desul- 
phurization are appreciably higher than for conven- 
tional soda ash desulphurization (Table 5), the ad- 
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vantages of more effective sulphur removal and free 
dom from refractory erosion tend to offset this dif. 
ference in costs. 

This series of experiments on calcium carbide de 
sulphurization was arranged for the purpose of mak- 
ing a production scale check of the proposed desul- 
phurization-zirconium addition treatment for mach- 
inability improvement. Accordingly, immediately 
after desulphurization, zirconium additions were 
made and specimens were cast for machinability 
evaluation. These specimens were identical to those 
previously used for laboratory heats so that no un- 
known variables of section thickness or cooling rates 
would be interposed to affect the results. Results of 
drill penetration machinability tests compared fav- 
orably with previous results from laboratory heats as 
indicated in Table 3. 


TABLE 3—COMPARISON OF DRILL PENETRATION 
MACHINABILITY BETWEEN FOUNDRY SCALE AND 
LABORATORY SCALE HEATS 





Analysis, % 
Specimen 
No. T.C. Si Mn S yy & Remarks 


91 3.38 2.14 0.60 0.057 0.61 . Untreated base iron 
99 3.61 2.09 0.57 0.011 0.63 0.105 Treated® 
C-18-0 3.63 2.20 0.71 0.080 0.64 .... Untreated base iron 
C-18-2 3.64 2.72 0.69 0.010 0.64 0.097 Treated* 








Properties 
Specimen 
No. Hardness* Depth Chill, in. D.T.M.* 
91 B-89 0.19 51.2 
99 B-84 0.09 77.0 
C-18-0 B-90 0.09 55.2 
C-18-2 B-80 0.015 715 


(a) Specimen No. 91, 99 from 30-lb lab scale heats. 
Specimen No. C-18-0, -2 from foundry scale heat, i.e. 2000- 
Ib ladle from 42-in. cupola. 

(b) Desulphurized (two stages, 3% soda ash) plus 1.0% Zr-Fe-Si 
addition in induction furnace. 

(c) Desulphurized (calcium carbide injection, 46 Ib per ton) 
plus 1.25% Zr-Fe-Si in 1000-Ib ladle. 

(d) Rockwell “B” scale, 14¢-in. diam steel ball 100-kg load. 

(e) Drill test machinability, mm penetration per minute. 





It is evident from the results shown that the pro- 
posed desulphurization-zirconium addition treatment 
will effect substantial improvements in the machin- 
ability of high-phosphorus gray iron whether it is ap- 
plied to small laboratory induction furnace heats, or 
to commercial foundry operations. 


Desulphurization with Basic-Lined Cupola 


During, and just after, World War II British in- 
vestigators*: ® published results indicating that satis- 
factory desulphurization of cupola iron could be ac- 
complished through the use of basic refractory linings 
in the cupola. More recently Carter* has confirmed 
these findings giving important additional informa- 
tion on the simultaneous use of calcium carbide as a 
part of the charge in the basic-lined cupola. 

Carter’s results on basic cupola operation show that 
sulphur contents as low as 0.031 per cent may be ob- 
tained from a 0.119 per cent S all-scrap charge using 
3 per cent calcium carbide, or that sulphur contents 
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Tas_Le 4—Basic-LinEp CuPpoLa HEATs 








Specimen % % % % 

PON. re. é Mn $ P Zr Hardness‘ D.T.M.* Remarks 

C-19-7 3.54 3.25 0.58 0.017 0.71 hath B-82 52.7 Untreated base iron 
C-19-8 oa gee Pei cau — 0.022 B-75 60.5 0.5% addn. Zr-Fe-Si* 
C-19-9 3.51 3.56 0.58 0.015 0.68 0.107 B-73 75.0 1.0% addn. Zr-Fe-Si 
C-19-10 ae sae 0.58 Sgt ail 0.119 B-70 84.0 1.5% addn. Zr-Fe-Si 
C-22-5 3.87 1.56 0.61 0.011 0.55 Rabat: B-88 53.9 Untreated base iron 
C-22-6 3.81 1.78 AS 0.011 oA 0.051 B-84 65.2 0.5% addn. Zr-Fe-Si 
C-22-7 3.82 1.83 0.59 0.011 0.54 0.048 B-82 68.3 1.0% addn. Zr-Fe-Si 
C-22-8 3.78 2.15 cua 0.010 er 0.122 B-82 92.6 15% addn. Zr-Fe-Si 


(a) Residual Zr content. 
(b) Zirconium added as 13% zirconium ferrosilicon. 


(c) Rockwell “B” scale 4g-in. diam steel ball, 100-kg load. 
(d) Drill test machinability, mm penetration per minute. 





as low as 0.009 per cent S may be obtained from an 
all-pig charge using 6 per cent calcium carbide in the 
charge. Moreover, substantial reductions in coke 
ratios and increases in melting temperatures are made 
possible through the use of calcium carbide. Spout 
temperatures as high as 2935 to 2950 F were observed 
by Carter with 3 per cent carbide in the charge and a 
normal coke ratio (6:1), while temperatures ranging 
between 2770 F and 2870 F were obtained with 7 per 
cent carbide in the charge and a coke ratio of 25:1. 

In view of these findings, it was felt that this pro- 
cess would be ideal for carrying out the desulphuriza- 
tion-zirconium addition treatment of high-phosphorus 
gray iron. Consequently, arrangements were made, 
through the generous cooperation of the American 
Cast Iron Pipe Co. to conduct two experimental 
foundry heats for desulphurizing in the basic-lined 
cupola with calcium carbide in the charge, to which 
suitable ladle additions of zirconium-ferrosilicon 
would be made. In these heats, high-phosphorus (0.70 
per cent F) pig charges were melted with 5 to 6 per 
cent calcium carbide at a normal (7:1) coke ratio. 
The usual specimens were cast for evaluation of 
machinability and other properties. Table 4 sum- 
marizes the essential data from these heats. 

In the first heat (Specimen No. C-19-) unusually 
high silicon contents were encountered. This was 
corrected in the second heat (Specimen No. C-22- ) 
by reducing the silicon charged and using 10 per cent 
steel in the charge. The high carbons in this heat are 
the result of substantial carbon pickup which accom- 
panies the use of calcium carbide, provided the sili- 
con content is not excessive. 

Excellent desulphurization was attained in both 
heats and the zirconium additions produced satis- 
factory improvements in the drill penetration rating 
as indicated. In fact the degree of improvement in 
machinability (60 to 75 per cent) is actually better 
than that obtained (45 to 55 per cent) in laboratory 
scale heats described previou:ly. A more elaborate 
evaluation of the machinability of these and other 
specimens was conducted at the University of Michi- 
gan employing a tool life machinability test. Results 
of these tests are given in a subsequent section. 


Cost Data on Desulphurization-Zirconium Addition 
Treatment 


In the original paper‘ it was pointed out that maxi- 
mum machinability of high-phosphorus gray iron may 
be achieved through annealing. Although annealing 


is frequently employed to assure uniform machining 
qualities in certain types of difficult machinable cast- 
ings, investment and operating costs for production 
annealing furnaces are comparatively high. Conse- 
quently, it is not feasible for the average gray iron 
foundry to resort to this means of improving mach- 
inability except in extreme cases. 

Actual annealing costs range from an estimated 
$10.00 to $15.00 per ton of castings under ideal con- 
ditions to as much as $50.00 to $75.00 per ton when 
annealing is contracted in small job lots. It should be 
pointed out that annealing costs of $10.00 to $15.00 
per ton of finished castings actually amounts to $7.00 
to $10.50 per ton of molten iron, based on a casting 
yield of 70 per cent. It has been the goal of this in- 
vestigation to develop a satisfactory treatment for 
machinability improvement that would compare fav- 
orably with the $10.00 to $15.00 per ton figure for 
annealing under ideal conditions. The degree of at- 
tainment of this goal may be judged from the cost 
estimates presented in Table 5. 

At first glance it would appear that soda ash de- 
sulphurization is considerably better than either af 
the calcium carbide treatments. Unfortunately, at- 
tempts to verify this conclusion in foundry scale oper- 
ations have not been successful. In the first place, 
laboratory scale experiments indicate that a two-stage 
soda-ash treatment with 3.0 per cent soda ash addi- 
tions and 10-min holding periods in each stage are 
required for the necessary degree of desulphurization. 
Although such a treatment may be conveniently car- 


TABLE 5—Cost DATA ON DESULPHURIZATION-ZIRCONIUM 
ADDITION TREATMENT 








Desulphurization Costs Per Ton Treated Iron 
Method Desulphurizer Refractories Zr Alloy* Total 
Soda ash* $2.72 $0.10 $1.65 $4.47 
Calcium carbide 3.26 an 1.65 4.91 
Basic cupola‘ 4.80 3.00 1.65 9.45 
Caustic soda reladling* 1.00 0.10 1.65 2.75 


(a) Two stage desulphurization with 3% soda ash (60 lb per 
ton). Soda ash briquettes at $52.75 per ton. 

(b) Powdered calcium carbide injection. Desulphurizer costs 
based on 2.3% calcium carbide (46 lb per ton) plus 23 cu ft 
dry nitrogen. Calcium carbide at $128.00 per ton, dry nitro- 
gen at $1.42 per 100 cu ft. 

(c) Basic cupola refractory costs as given by Carter. Desulphur- 
izer 4.0% calcium carbide (80 lb per ton) added to cupola 
charge. 

(d) Proprietary reladling process employing 20-30 Ib caustic 
soda per ton on treated iron. Cost figures by Best.* 

(e) Based on 1.25% addition of 13% zirconium ferrosilicon at 
$0.066 per Ib. 
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ried out in the induction furnace, its translation into 
foundry practice is fraught with great difficulties due 
to the lack of adequate means of maintaining the hot 
metal at optimum temperatures. While it is possible 
that superheating in the cupola (through oxygen en- 
richment of the blast, or other suitable means) might 
be resorted to as a means of maintaining temperature 
during desulphurization, no commercial heats of this 
type have been produced in this investigation. 

While the two desulphurization methods utilizing 
calcium carbide are substantially more expensive, they 
nevertheless represent commercially feasible proced- 
ures that have actually been carried out in foundry 
scale operations. Of the two, best results were ob- 
tained with the basic-lined cupola. The advantages 
of substantial carbon pickup, permitting increased 
quantities of steel scrap in the charge, very high spout 
temperatures, conducive to rapid dissolution of the 
zirconium addition, and the exceptionally good de- 
sulphurization, assure the effectiveness of the treat- 
ment and at least partially offset the somewhat higher 
cost. 

With regard to reduced costs, reference is made to 
a comparatively new proprietary treatment in which 
caustic soda is employed to desulphurize steel through 
a reladling technique. According to Best,? it is pos- 
sible to reduce the sulphur content of molten iron 
from 0.20 per cent S to as low as 0.010 per cent §S, 
using 20 to 30-lb of caustic per ton of treated iron. In 
large ladles a temperature drop of 150 to 200 F is ex- 
perienced. The cost of this treatment is reported to 
be approximately $1.00 per ton. If this method of de- 
sulphurization can be employed with the proposed 
zirconium addition treatment, a total cost of $2.75 
per ton of treated iron would be attainable. It is be- 
lieved that experimental work on the application of 
this method to the proposed zirconium treatment 
would be of definite value in proving its economic 
and commercial feasibility. 


Comparison of Machinability Tests 


Throughout this investigation machinability mea- 
surements were based on the simple drill penetration 
test introduced by Keep and Loren’? and described 
by the author in the original paper.! While this test 
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cannot be regarded as a highly accurate quantitative 
method for evaluating machinability, it nevertheless 
provided a simple, economical means for comparing 
semi-quantitatively the large number of specimens 
studied. The use of the drill penetration test in this 
manner served as a satisfactory screening procedure to 
indicate the more promising specimens for subsequent 
evaluation by more elaborate machinability tests. 
Since the chief objective of the investigation was to 
overcome the harmful abrasive effects of phosphorus 
on the machinability of gray iron, the tool life test 
was a logical choice for determining the effectiveness 
of the proposed treatment. 

For this purpose the test devised by Boston! was 
selected. In this test the specimen is turned on a lathe 
under standard machining conditions, and the time 
required for failure of the cutting tool is measured 
at various cutting speeds. Curves are then plotted for 
each specimen relating tool life to cutting speed. 

Through the cooperation of Prof. O. W. Boston of 
the University of Michigan, several groups of speci- 
mens, including untreated high and low-phosphorus 
irons, annealed high-phosphorus iron, and specimens 
of desulphurized and zirconium-treated gray iron, 
were submitted to this test. Suitable specimens con- 
sisting of cylindrical castings 3.75 in. o.p. x 2.5 in. Lp. 
x 13 in. long were produced in several of the larger 
laboratory heats and in the foundry tests. While some 
difficulty was encountered due to the presence of sand 
inclusions and lack of uniformity in certain speci- 
mens from the foundry heats, sufficient data were ob- 
tained to indicate the value of the treatment. Table 
6 enumerates and compares the results of these tool 
life tests with drill penetration ratings on the same 
specimens. 

It will be noted that both the drill test and the tool 
life test rated the first four specimens in the same 
order; and although the degree of improvement varied 
somewhat between the two tests the correlation is good. 
In this connection it is of interest to note that through 
the use of the proposed treatment, tool life ratings for 
high-phosphorus gray iron may be made equivalent 
to those of low-phosphorus irons. 

At the present writing at least one production 
foundry in the Birmingham district (The Production 


TABLE 6—COMPARISON OF Toot LIFE AND DRILL PENETRATION MACHINABILITY TESTS 





Analysis, % 





Specimen 
No. T.C. Si Mn S P Zr Remarks 
91 3.38 2.14 0.60 0.057 0.61 High-phosphorus iron untreated. 
92A 3.34 2.12 0.56 0.057 0.65 High-phosphorus iron annealed 1500 F 1 hr. 
94 3.46 2.08 0.55 0.059 0.26 Low-phosphorus iron untreated. 


99 361 209 057 0.011 068 0.105 
C-22-7 382 183 059 £46011 055 0.048 


High-phosphorus iron desulphurized with zirconium addition.* 
Zirconium treated* specimen from basic cupola heat. 


Prop erties 
Specimen Depth Drill Test Tool Life Test* 

No. Hardness* Chill, in. % Ferrite* mm/min. per cent V20° per cent 
91 B-89 0.19 0 51.2 100 133 100 
g2A B-58 ae 100 82.0 160 324 244 
94 B-84 6.09 10-20 58.7 115 180 135 
99 B-84 0.09 20-30 77.0 150 182 137 

C-22-7 B-82 0.06 30-40 68.3 133 187 141 


(a) 1.0% addition 13% zirconium ferrosilicon. 
(b) Rockwell “B” scale (%4g-in. diam steel ball with 100-kg load. 


(c) Percent ferrite in matrix structure. 
(d) Tool life test by Boston. 
(€) Veo = lineal cutting speed (fpm) for 20-min tool life. 
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Foundries Division of Jackson Industries, Inc.) is 
:egularly employing desulphurization and zirconium- 
ferrosilicon additions to achieve improved structure 
and machinability in its product. While the degree 
of desulphurization and zirconium additions em- 
ployed are somewhat less than those recommended 
in the proposed treatment, tests have indicated suf- 
ficient improvements in the properties and machin- 
ability of their treated castings that this foundry has 
conducted additional studies of the effects and meth- 
ods of addition of zirconium alloys to gray iron. It is 
understood that the results of these investigations will 
be published at a later date. 


Conclusions 


The following specific conclusions may be drawn 
from the results of this phase of the investigation: 

1. While magnesium additions are effective in re- 
ducing the sulphur content of high-phosphorus gray 
iron, the increased chilling tendency accompanying 
the use of magnesium renders its use unsatisfactory 
for machinability improvement. 

2. Synthetic basic slags consisting of lime, fluorspar, 
and cryolite have shown definite promise as effective 
desulphurizers. 

3. Bismuth additions were found to be highly po- 
tent in influencing the structure and machinability 
of high-phosphorus gray iron. However, adverse chill- 
ing and carbide stabilizing effects more than over- 
came the beneficial effects observed. 

4. Soda ash desulphurization, applying the counter- 
current principle to experimental cupola operation, 
was not altogether successful due to excessive heat 
losses. However, it is believed that a highly efficient 
treatment may be devised utilizing this principle if 
optimum operating conditions are maintained. 

5. Desulphurization by calcium carbide injection 
was shown to be quite effective. While more expen- 
sive than soda ash, calcium carbide has the advant- 
ages of freedom from attack on ladle refractories, and 
much greater desulphurizing efficiency. 

6. The basic-lined cupola employing calcium car- 
bide in the charge has been shown to be a highly satis- 
factory means of producing low-sulphur iron for 
application of the proposed desulphurization-zircon- 
ium addition treatment. 

7. A comparison of costs for various desulphuriza- 
tion methods indicates that soda ash desulphurization 
is the least expensive of the methods studied, while 
the basic cupola process is the most expensive. Un- 
fortunately, soda ash desulphurization to the required 
low sulphur content (0.02 per cent S max) has not 
yet been accomplished in foundry scale tests. 

8. A proprietary reladling process employing caus- 
tic soda as the desulphurizing agent has been reported 
to give results suitable for the proposed treatment at 
a cost of approximately $1.00 per ton of treated iron.? 
Application of this process to the proposed desulphur- 
ization-zirconium addition treatment could be carried 
out at a total cost of $2.75 per ton of treated metal, or 
$3.91 per net ton of finished castings, assuming 70 per 
cent yield. 

9. Tool life machinability tests have essentially 
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confirmed the findings of earlier drill penetration 
tests for evaluating the machinability of specimens in 
various conditions. 

10. Annealing gives the greatest improvement in 
machinability of all the treatments studied both in 
terms of drill penetration and tool life tests. 

11. Tool life machinability tests indicate that the 
proposed desulphurization-zirconium addition treat- 
ment will make tool life ratings of a high-phosphorus 
(0.65 per cent P) gray iron equivalent to an untreated 
low-phosphorus (0.25 per cent P) iron of normal S$ 
content. 

12. At least one production foundry in the Birm- 
ingham district is presently employing a modified 
form of the proposed zirconium treatment in the pro- 
duction of light gray iron castings. 
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DISCUSSION 

Chairman: H. H. Witper, Vanadium Corp. of America, De- 
troit. 

Co-Chairman: J. L. Brooks, Muskegon Piston Ring Co., 
Sparta, Mich. 

F. W. Boutcer (Written Discussion):* It is always reassuring 
to have additional evidence that simple laboratory machinability 
tests can give useful and reliable information. The correlation 
between ratings in drill tests and tool lives on lathes is very 
good, considering the difference in machining conditions. Subse- 
quent experience in the commercial foundry showed that the 
author’s laboratory ratings were reliable. 

The author found that bismuth has a very potent effect on 
the machinability of cast iron. In addition to changing the 
microstructure, bismuth may also act as a lubricant during cut- 
ting. It seems likely that much of the bismuth is insoluble in 
cast iron, especially when the additions are as large as 0.10 per 
cent. Peoples and Pray found that bismuth markedly improves 
the machining properties of austenitic steels. It does not affect 
the microstructure of such alloys. ; 

The poor machining properties of high-phosphorus gray irons 
have barred them from many applications. Therefore, Austin’s 
work is of considerable importance to Southern industry. He has 
demonstrated that the machinability of such gray irons can be 
improved by comparatively simple desulphurization treatments 
and zirconium additions. The cost of the treatments do not seem 
excessive in view of the benefits obtained. For many applications, 


1 Supervising Metallurgist, Battelle Memorial Institute, Columbus, Ohio. 


MACHINABILITY OF HIGH-PHOSPHORUS GRAY CAST IRON 


lower machining costs will more than offset the higher price o! 
treated gray iron. This has been the experience with wrought 
steels where special additions are commonly made to improv 
machinability. 

The author is to be complimented on his careful, thorough 
and successful study on high-phosphorus gray iron. 

J. T. MacKenzie:* I would like to congratulate Dr. Austin 
for a fine piece of work. However, he does not bring out in that 
set of costs the very important item of getting low-phosphorus 
iron in the South. If he would credit the process a $15 differen 
tial on pig iron you would have to use, you can see what it reall; 
does mean to the Southern district. 

In regard to the carbide desulphurization in the ladle, | 
understand there is a more efficient unit now. Instead of blow 
ing in a blast of nitrogen, you just keep the nitrogen flowing 
gently out of the tube. There is a sort of pepper grinder a1 
rangement for dropping the carbide into the ladle. As Dr. 
Austin pointed out, there is no refractory attack at all in this 
method of desulphurization. I think it has a great future. 

Dr. Austin: I would like to thank Dr, Boulger and Dr. Mac 
Kenzie for their kind comments on this paper. The idea of bis 
muth as a lubricant certainly has interesting possibilities. I am 
grateful to Dr. MacKenzie for pointing out the important price 
differential between the high-phosphorus Southern pig iron and 
the low-phosphorus Northern pig iron. This is especially im- 
portant when one considers that the low-phosphorus pig iron 
would have to be imported into the South. 


2 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 
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COMPACTION STUDIES OF MOLDING SANDS 


R. E. Grim* and Wm. D. Johns, Jr.** 


ABSTRACT 


The compaction characteristics of Illinois fireclay, Illinois il- 
lite, Wyoming bentonite, and Mississippi bentonite-bonded sands 
were studied by means of an apparatus especially designed for 
the purpose, using varying amounts of sand-clay-water com- 
ponents. 

Illite and fireclay exhibited compaction properties distinctly 
different from those of the bentonite-bonded sands. Under like 
conditions, compaction decreased in the order fireclay, illite, 
Wyoming bentonite, and Mississippi bentonite. 

Compaction characteristics were correlated with differences 
in gross bulk densities. The relationship among compactability, 
gross bulk density, maximum green strength, and dry strength 
were brought out. 


Introduction 


COMPACTION AND FLOWABILITY of a molding sand 
are functions of the plastic properties of the clay- 
water system used as a bond. The bond clays ordinar- 
ily employed are known to exhibit diverse properties, 
and it is therefore not surprising that molding sands 
show different compaction properties depending upon 
the type of clay bond used. Also the importance of 
minor variations in amount of tempering water in 
the sand-clay-water system is not fully appreciated. 
The properties of certain clay-water systems are ex- 
tremely sensitive to minor change in water content, 
necessitating close contro] in practice. 

It is known that practically any desirable green 
strength can be attained with any clay bond, depend- 
ing on the proportions of sand, clay, and tempering 
water used. Therefore, it is suggested that compac- 
tion characteristics be given priority in choosing the 
type of clay bond to be employed. 


Experimental Procedure 


A simple testing device was constructed to study the 
compaction characteristics of several synthetic mold- 
ing sands. It consisted of a standard 2-in. pipe-T, the 
central opening of which was fitted with a 10-in. 


* Research Professor of Geology, Univ. of Illinois, and Con- 
sulting Clay Mineralogist, Illinois State Geological Survey, Ur- 
bana, Ill. 

** Research Assistant, Engineering Experiment Station, Univ. 
of Illinois, and Illinois State Geological Survey, Urbana, II]. 





length of 2-in. pipe (Fig. 1). These were fastened 
securely to a heavy steel base to insure a constant ver- 
tical position. The additional openings of the “T” 
were fitted with 2-in. plugs that could be readily un- 
screwed. A piston, machined to fit the inside of the 
vertical pipe section, pushed and compressed the sand 
into the apparatus. 

The testing procedure adopted was as follows: Both 
plugs were inserted in the “T’’ arms, and 900 grams 
of molding sand (prepared according to standard 
A.F.S. procedure) was introduced through the top. 
The piston was inserted in place, the entire appara- 
tus placed in a laboratory-size hydraulic press, and 
the sand compressed under a pressure of 640 psi. 
Other pressures tried gave substantially the same con- 
clusions. The piston displacement was recorded in 
millimeters. One plug was then removed, and pres- 





Fig. 1—Photo of testing device used in these studies. 
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sure was applied again to the piston until the sand 
extruded | centimeter from the opening. The move- 
ment of the piston during this operation was again 
recorded in millimeters. 

Clay-sand mixtures involving 4, 6, 8, and 10 per 
cent Illinois fireclay, Illinois illite clay, Wyoming 
bentonite, and Mississippi bentonite bonds were 
tested at varying moisture contents. Families of curves 
were constructed, plotting piston displacements as a 
function of tempering water (Fig. 2-5). Sands were 
mulled and tempered before testing according to 
standard procedure. 

Ottawa silica sand showing the following sieve anal- 
ysis was used in these tests: 


Sieve size* Per cent 
Retained on 30 0.1 
Retained on 40 16.63 
Retained on 50 56.41 
Retained on 70 17.40 
Retained on 100 7.98 
Passed 100 1.46 


* Sieve numbers are those of U. S. series. 


Graphical Representation of Results 


All experimental data have been plotted graphically 
as shown in Fig. 2 to 5. Families of curves are shown 
for each type of bond used, individual curves repre- 
senting a given amount of clay bond, with piston dis- 
placements plotted as a function of tempering water. 
The constancy of certain trends of these curves sug- 
gests significant variations which can be interpreted 
in terms of differences in compaction properties of 
the sands employed. It might appear from analysis 
of Fig. 2 to 5, and from consideration of the experi- 
mental procedure used, that the bulk densities of 
these sands are being measured. Examination of the 
graphical data shows that the curves are similar in 
appearance to bulk density curves published earlier 
by Grim and Cuthbert.? 

These curves show several significant differences, 
however, which distinguish them from bulk density 
curves. In the case of bulk density curves derived 
from determinations made with standard A.F.S. test 
pieces, the points of minimum bulk density trend to- 
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ward higher values with increasing clay content. 
Figures 2 to 5 show the trend in the opposite direc- 
tion. Especially in the case of Wyoming and Missis- 
sippi bentonites, the minimum densities shown in the 
present tests decrease with increasing clay contents, 
whereas the maximum compaction increases with in- 
creasing clay contents. 

It would appear that in addition to normal varia- 
tions in bulk density, significant variations in piston 
displacements are affected by conditions of non-uni- 
form compaction in the testing apparatus. The latter 
condition is predominant in producing variations in 
the gross bulk density, that property being determined 
in the present study. It is not surprising that varia- 
tions in bulk density as determined by the standard 
procedure should be at variance with those produced 
by the present method of study, because in the forma- 
tion of a standard test piece a very small amount of 
sand is compacted into a small cylinder, necessitating 
no horizontal movement of the sand with the verti- 
cal application of pressure. In the case of the appara- 
tus used for the present discussion, the amount of 
sand is increased almost ten-fold and irregularities 
are introduced in the compaction chamber (the hori- 
zontal “T”) necessitating appreciable horizontal 
movement of the sand for complete compaction upon 
vertical application of pressure. It would seem that 
conditions produced here are more in accordance with 
those of actual working conditions than those en- 
countered in the formation of a standard A.F.S. test 
piece. 

It should also be noted that in the determination 
of buik densities by the standard procedure, variations 
in minimum bulk densities, even between differing 
types of clays, say bentonite and fireclay, are of the 
order of 1 to 2 per cent. In the case of the method 
employed in the present study, differences in bulk 
density between bentonite and other bond clays are 
of the order of 20 to 30 per cent. Again it would ap- 
pear that the development of large voids and poor 
compaction are in this case the dominant factors in 
affecting gross bulk density variations. If we assume 
that this procedure somewhat nearly approaches ac- 
tual working conditions, it would appear that the 
standard test methods are inadequate. 


Discussion of Graphical Data 


On the basis of the foregoing discussion, a decrease 
in piston displacement as given in Fig. 2 to 5 is inter- 
preted as a decrease in gross bulk density, and, there- 
fore, compactibility of the sand. Observation of the 
sands in the compaction chamber of the apparatus 
after compression, but before extrusion, showed that 
whenever piston displacements dropped below 75 to 
80 millimeters, there was obvious visible evidence of 
incomplete compaction and distribution of the sand, 
the decrease in uniformity of compaction varying di- 
rectly with the piston displacement. It was also noted 
that those mixtures showing piston displacements 
below 75 to 80 millimeters had a tendency to form 
aggregates or clumps when the sand was introduced. 
The sticky consistency of the bentonite bonds per- 
mits little mutual adjustment of grain aggregates of 
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the sand, which is to say, the sand exhibited little 
flowability. When the values rose above 75 to 80 mil- 
limeters, the sands lost this characteristic and tended 
to be free-flowing. 


Bentonite-bonded Sands 


Figures 2 and 3 show that the Wyoming and Missis- 
sippi bentonite bonded sands are similar. Over a con- 
siderable range of moisture contents piston displace- 
ments dropped far below 75 to 80 millimeters, the 
apparent critical point for the development of poor 
compaction. Here the development of large voids 
and non-uniform compaction is dominant in influenc- 
ing the gross bulk densities. The bentonite-bonded 
sands are those which exhibited the tendency to de- 
velop large aggregates or clumps when the sand was 
introduced into the compaction chamber. It would 
appear that each of these clumps has some inher- 
ent mechanical strength, and that the cumulative 
strengths of all the aggregates were sufficient to resist 
mutual adjustment or flowability, and, consequently, 
compaction when pressure was applied, and to pre- 
vent complete filling of the compaction chamber. 

For an individual mixture, illustrated by a single 
curve, this mechanical strength of clumps increases 
with increasing tempering water to the point of mini- 
mum piston displacement (minimum gross bulk den- 
sity), at which point the sand offers maximum resist- 
ance to compaction. Further increases in tempering 
water render the sand plastic and effectively weaken 
individual clumps and allow compaction to proceed. 
This results in increased piston displacement and 
compaction. 

It was observed that the tendency for Mississippi 
bentonite mixtures to form such aggregates was 
greater than for Wyoming bentonite. This would ac- 
count for its poorer compaction characteristics. Fig- 
ures 2 and 3 also show that compaction characteristics 
of Wyoming and Mississippi bentonite-bonded sands 
are extremely sensitive to variations in amount of 
tempering water. A small change in the amount of 
tempering water in these sands will produce signi- 
ficant differences in compactibility. Thus in the case 
of bentonite-bonded sands, careful control must be 
exercised over the amounts of tempering water added 
and maintained. 

In addition to gross bulk density relationships, Fig. 
2 and 3 illustrate curves derived by plotting piston 
displacement during extrusion as a function of temp- 
ering water. These curves conform quite well with 
the gross bulk density curves. As the gross bulk den- 
sity decreases, the amount of displacement during ex- 
trusion increases to the point of minimum gross bulk 
density. It appears that during extrusion of the sand, 
a great deal of the movement of the piston, in addi- 
tion to moving the sand forward, is taken up in com- 
pacting the sand by filling appreciable void space 
that must have existed in the sand column. This 
gives additional evidence that the bentonites exhibit 
poorer compactibility during compression. 


Fireclay- and Illite-bonded Sands 


Figures 4 and 5 show that the fireclay- and illite- 
bonded sands are similar to each other, but that they 
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differ appreciably from those bonded with the benton- 
ites. Here the order of magnitude of piston displace- 
ments is much lower. In practically all mix‘ures, re- 
gardless of water content, piston displacements ex- 
ceeded the critical 75 to 80 mark. These sands were 
also free-flowing and showed no tendency to form 
clumps or aggregates. Visual observation showed that 
compaction and uniformity of sand distribution in 
the compaction chamber was good following com- 
pression. 

Differences in compaction appear to be small even 
among sands bonded with varying amounts of clay. 
In general fireclay appears to show slightly superior 
compaction properties over illite clay, yet both ex- 
hibit properties markedly superior to the bentonites. 
In the case of the fireclay- and illite-bonded sands 
careful control of tempering water is not as important 
in influencing variations in compaction as in the 
case of the bentonites. Comparatively wide variation 
in water content will cause only slight or moderate 
differences in compaction. This should be an im- 
portant factor in general use. 

The extrusion displacement curves in Fig. 4 and 5 
conform to the gross bulk density curves in that they 
exhibit little variation in piston displacements with 
increasing amounts of tempering water and clay. Most 
of the piston movement is effective in pushing the 
sand forward during extrusion, showing that little 
void space and, therefore, good compaction existed 
after compression. 

It was also noted during extrusion that the pres- 
sure required for the poorly compactible mixtures of 
bentonite sands was roughly twice that for the fireclay- 
and illite-bonded sands. It is possible to visualize 
that in the shaping of a mold the greater portion of 
the sand attains high density on compression, but 
other portions of the mold, because of irregularities, 
will contain sand of low density or even be incom- 
pletely filled. Only additional pressure will force sand 
into such irregularities. The experimental data sug- 
gest that in order to accomplish this the bentonites 
would require much more force. Stated another way, 
under given compression the fireclay- or illite-bonded 
sands would pack much more uniformly. 

In order to determine the relative merits of com- 
paction of the four clay-bonded sands studied, it is 
necessary to compare them under like conditions. 
Comparison of those curves representing equal addi- 
tions of clay, say 6 per cent, suggests that at varying 
moisture contents the sands exhibit decreasing com- 
pactibility in the order fireclay, illite clay, Wyoming 
bentonite, and Mississippi bentonite. 


Compaction vs Compression Strength 


Bentonite bonded sands — The points of maximum 
green compression strength for each mixture of ben- 
tonite-bonded sand have been plotted on the curves 
shown in Fig. 2 and 3 (indicated by X). It will be 
noted that in the case of both bentonites, maximum 
green strength falls on the dry side of the points of 
minimum compaction. Therefore any slight increase 
in tempering water beyond the point of maximum 
green strength would only tend to decrease further 
the compactibility of the sands. 


COMPACTION STUDIES OF MOLDING SANDs 


There would appear to be two alternatives with 
respect to most efficient use of the sands. One would 
be to maintain the tempering water in amounts fall- 
ing on the dry side of maximum green strength, 
thereby providing good compaction with some loss 
of green strength. The other would be to add temp- 
ering water in amounts greatly exceeding that of max- 
imum green strength, passing over the hump, so to 
speak, beyond the point of minimum compactibility. 
Either alternative would result in the reduction of 
green strength below the maximum value, but the 
first alternative would also result in marked reduc- 
tion in dry strength, eliminating it as a possibility. 
Maximum dry strength comes at moisture contents 
much greater than for maximum green strength. 
Therefore, taking green strength, dry strength, and 
compactibility all into consideration, maximum efh- 
ciency requires maintaining tempering water in 
amounts greatly exceeding that necessary for- maxi- 
mum green strength. This seems to be the actual 
practice of most operators. 

In order to illustrate these points, let us consider a 
sand bonded with 6 per cent Wyoming bentonite. 
Maximum green strength occurs at 1.8 per cent temp- 
ering water and lies within the range of poor com- 
pactibility. In order to improve the compaction, this 
sand could be tempered at either 1.5 or 3.2 per cent. 
This would result in a decrease in green strength from 
14 psi at maximum to 12 psi when tempered at 1.5 
per cent and to 6 psi when tempered at 3.2 per cent. 
At 1.5 per cent tempering water, however, the dry 
strength would become almost negligible, while at 3.2 
per cent tempering water it would exceed 100 psi. 
Therefore, in order to attain good compaction char- 
acteristics and at the same time provide adequate dry 
strength, it is necessary to maintain moisture contents 
greatly exceeding that for maximum green strength, 
even though green strength must be sacrificed. 

Fireclay- and illite-bonded sands—Figures 4 and 5 
show that the points of maximum green strength for 
fireclay- and illite-bonded sands fall well within the 
field of good compaction. Therefore these sands can 
be most efficiently utilized by tempering so as to main- 
tain maximum green strength and at the same time 
provide good compaction, and close control of temp- 
ering water is not necessary. 

Conclusions 

The graphical data derived from compaction 
studies of four different molding sands exhibit con- 
stancy of certain trends and suggest significant varia- 
tions on compaction characteristics of the sands stud- 
ied. The data suggest the following conclusions: 

1. Inasmuch as it denotes differences in distribu- 
tion and gross bulk densities of the sands, the experi- 
mental method involved reflects differences in com- 
pactibility characteristics. 

2. Fireclay- and illite-bonded sands exhibit dis- 
tinctly different compaction properties from those of 
Wyoming and Mississippi bentonite. 

3. The experimental data indicate that the fire- 
clay- and illite-sand mixtures afford relatively good 
compaction and little variation in gross bulk deasity 
over a great range of moisture contents. The benton- 
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ites exhibit all variations from good to poor, depend- 
ing upon the sand-clay-water ratio. This agrees well 
with visual observations of sands in the compaction 
chamber following compression. 

4. In the case of bentonite-bonded sands, compac- 
tibility is extremely sensitive to minor variations in 
amount of tempering water. Fireclay and illite bonds 
exhibit only minor variation, thus eliminating the 
necessity of close control in foundry practice. 

5. Under the same conditions, that is, utilizing 
equal additions of sand, clay, and water, compactibil- 
ity decreases in the order fireclay, illite, Wyoming 
bentonite, and Mississippi bentonite. 

6. The relation between maximum green compres- 
sive strength and compactibility of bentonite-bonded 
sands indicates that moisture contents greatly exceed- 
ing that required for maximum green strength are 
necessary in order to maintain adequate dry strength 
as well as compactibility. This results in appreciable 
sacrifice of green strength, however. 

7. In the case of fireclay- and illite-bonded sands, 
most efficient utilization is attained by tempering so 
as to maintain maximum green strength and at the 
same time good compaction. 
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DISCUSSION 


Chairman: J. B. Caine, Foundry Consultant, Wyoming, Ohio. 

Co-Chairman: R. H. JAcosy, The Key Co., E. St. Louis, III. 

R. P. Scuauss (Writien Discussion):* Dr. Grim and Mr. Johns 
made a definite contribution to the advancement in measuring 
sand flowability by the method presented in this paper. The size 
of the sand specimen used together with the simplicity of the test 
make it possible for this test to eliminate some of the variables 
known to be present in the current flowability test. 

It is interesting to note that the data presented here substan- 
tiate that presented by Woodliff, Schauss and Baley in a paper 


1 Foundry Engineer, Illinois Clay Products Co., Chicago. 
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entitled “A Study of Factors Affecting Molding Sand Density, 
Shrinkage, Expansion and Workability” published in A.F.S. 
TRANSACTIONS, vol. 58, p. 217 (1950). The authors have gone 
one step further in that they show the effects of tempering water 
on the gross bulk density of molding sands. Their comments on 
the effect of tempering water versus the properties of Western 
and Southern bentonite are well taken, since this factor is im- 
portant in practical foundry operation. It is a well established 
fact that moisture content of molding sand must be kept within 
close limits when Western and Southern bentonite are used as 
bonding mediums. On the other hand, the use of fire clay 
bonds either alone or in combination with the bentonites allows 
a wider working range of moisture with improved compaction 
characteristics in the sand. 

CHAIRMAN CAINE: What does this test tell us that any older 
test does not, and what does this test tell us about the sand’s 
behavior when in contact with molten metal? We have so many 
tests on sand, so many of them misapplied and misinterpreted, 
that I think these questions are important. 

Mr. Jouns: Our purpose has been to present experimental 
data which we believed to be of interest to the foundryman, and 
certainly not to present a testing procedure designed to supplant 
the oider well-established ones. It is for you to judge whether 
the interpretation of the data as given is justified and for you 
to evaluate the data in terms of your own individual practice. 
Nevertheless it has been pointed out that this procedure might 
more closely represent actual working conditions than some 
of the standard tests, inasmuch as larger quantities of sands were 
tested and irregularities were introduced into the testing appar- 
atus. 

Obviously, this test like other tests tells little of what is 
going to happen when hot metal comes in contact with the sand. 
All that any sand test can hope to indicate is something of the 
character of the mold itself. No rapid testing procedure can 
include all the variables encountered in large-scale foundry 
practice. 

C. W. Briccs:* Referring to Fig. 2, the authors used a mini- 
mum clay content of 4 per cent. I would be interested in know- 
ing the position of the 2 and 3 per cent clay curves. How would 
the lower curve come up? Would it be flat? 

The steel casting industry uses 3 and 314 per cent bentonite 
with moisture contents of about 3 to 4 per cent. Curves of such 
bentonite and moisture contents should be back in the good 
flowability range. Steel foundrymen normally work sands in the 
range of 6 psi green compressive strength. I regret that the 
authors did not carry the curves to these levels. I am interested 
in what they look like in these ranges. 

Co-CHAIRMAN JAcosy: The author mentioned piston displace- 
ment. I do not quite understand the term. How was your 
original point on that piston determined? 

Mr. Jouns: We just introduced the sand into the compaction 
chamber, then the piston and the pressure and then measured 
the distance the piston went down into the compaction chamber. 

Co-CHAIRMAN Jacosy: The difference between dry sand prac- 
tice and green sand practice was brought out and the difficulty 
of trying to make one sand fit both practices. 

H. W. Dierert:* The fire clay was in an insufficient amount 
for normal foundry practice. I would like to see the results 
with a little more fireclay. It would give us a sand more com- 
parable to that used in the foundry. The moisture content 
could have been extended in all the graphs. 


2 Technical Director, Steel Founders’ Society of America, Cleveland. 
8 President, Harry W. Dietert Co., Detroit. 











MANUFACTURE OF BRONZE BOILER DROP PLUGS 


By 


B. F. Kline* and J. R. Davidson** 


VITALLY IMPORTANT to the safe operation of steam 
locomotives, boiler drop plugs serve as a warning 
of low water which might be the cause of a boiler 
explosion. When boiler water becomes low, these 
plugs must be capable of functioning under differen- 
tial stresses of unknown magnitude and must with- 
stand temperatures as high as 420 F at 300 psi on the 
water side, and firebox gases up to 2800 F on the 
firebox side. A further complication which adds to 
the severity of service is the corrosive attack of firebox 
gases on one end of the plug, and the attack of hot 
alkaline boiler water on the other. Thus, boiler 
drop plugs, because of the severe service to which they 
are subjected, require the best materials and workman- 
ship. This article describes the various phases of their 
manufacture and testing and investigations of varying 
fusible alloy compositions under simulated service 
conditions. 

The main part of a drop plug consists of a bronze 
casting (Fig. 1), in which is inserted a rolled bronze 
button held in place with a 0.003-in. thick film of 
fusible metal (Fig. 2). This fusible alloy has a soften- 
ing point of about 540 F. The plugs are screwed from 
the firebox side into and through the crown sheet in 
the top of the firebox until they project not less than 
1-4 in. above the crown sheet on the water side of 


* Chief Chemist and ** Supervisor of Foundry Operations, 


Southern Pacific Railroad Co., Sacramento, Calif. 


drop plugs. 


Fig. 1—Bronze castings used in boiler 
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Fig. 2—Cross-section of boiler drop plug. Rolled 
bronze button is held in place in casting by means 
of a 0.003-in. film of metal that softens at 540 F. 


the firebox. 

Functioning principle depends upon the film of 
bonding metal becoming fused, permitting the button 
to be blown by high boiler pressure into the firebox. 
All Southern Pacific steam locomotives have from 
three to seven of these drop plugs screwed into the 
crown sheet. 

Usually, the plug on the highest part of the crown 
sheet is the first to let go. Discharge of steam into 
the firebox serves as a warning to the locomotive 
crew that something is wrong and that immediate ac- 
tion must be taken to cut the fire off. 

Good castings are analogous to good cooking in 
that good ingredients are a primary requisite. Metals 
should be clean, dry and free from grease and oil. 
In making drop plug bodies no scrap returns are 
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used—only new metals—with the exception of copper, 
since it has been found that heavy scrap trolley 
copper performs better than new ingot copper in that 
the film of oxide on the trolley metal counteracts 
a tendency to absorb hydrogen. 

All metals are accurately weighed so as to furnish 
a composition conforming to the following analysis: 
copper, 86-88 per cent; tin, 6-7; lead, 1-2; zinc, 3-4; 
nickel, 1.0 max; iron, 0.25 max; phosphorus, 0.05 max. 
[his analysis conforms to ASTM B143 for leaded 
tin bronze. 

Melting is accomplished in a horizontal tilting 
furnace, using a combination fuel of oil and gas. 
Originally, fuel oil was used for melting, but later 
a combination burner was adopted, using low-pres- 
sure natural gas of around 950 BTU at 5 psi. Gas 
and oil valves are regulated to furnish approximately 
a 50-50 mixture in which the gas vaporizes the fuel 
oil for more efficient combustion. Fig. 3—Cope side of aluminum matchplate used in 

Combustion is regulated so as to keep it slightly casting bronze boiler plugs. Drag side is identical. 
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Fig. 4—Boiler plug cores are carefully baked to 
avoid pinhole porosity in the bore of the casting. 


on the oxidizing side, but as an added safety measure 
the melt is oxidized with sodium nitrate and then 
deoxidized with phosphorus copper, which reduces 
porosity from hydrogen absorption. The furnace is 
brought up to 2200 F and its contents poured into 
preheated ladles. 

Molding is accomplished on molding machines of 
the jolt-squeeze type, using matchplates of aluminum. 
Natural bonded molding sand is used. All pop-off 
flasks and jackets are of aluminum and all cores are 
produced with California white sand. 

Since no pinhole porosity can be tolerated in the 
bore of these bodies, which receives the buttons, 
careful attention is paid to thorough baking of cores 
(Fig. 4), before they are placed in molds. 

The body and button are machined in progressive 
stages on turret lathes specially tooled for these 
operations. After machine work is completed, the 
body and button move to the finishing department 
for application of the fusible alloy. 

Before applying the fusible metal, bodies and but- 
tons are first cleaned by immersion in a hot alkaline 
cleaner (Fig. 5) at 180 F for 15 min, to remove any 
grease or oil present on the finished surfaces. After 
removal they are rinsed in hot water, immersed in 
hot, strong muriatic acid for 10 min, removed from 
the acid and allowed to drain. It has been found 
advisable to follow this procedure to insure a chemical 
bond. From this point, the body and buttons are 
handled with tongs. 

The bodies are next preheated in two electric 
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ovens thermostatically controlled at 650 F. with a 
circulating fan in each oven. Dry nitrogen gas is piped 
to each oven and is fed at a rate of approximately 
2-3 liters per min, controlled by a flow meter to 
prevent oxidation at high temperature. Bodies are 
fed into the oven and removed so as to obtain 
a heating cycle of approximately 10 min. After removal 
from the oven they are dipped into a special flux, 
consisting of zinc chloride, ammonium chloride and 
water acidified with muriatic acid. Next, they are 
immersed in the fusible alloy, which consists of 11.10 
per cent tin and 88.90 per cent lead, or roughly 1 part 
tin to 8 parts lead. 

The fusible alloy is melted and kept molten in a 
circular cast iron pot heated electrically and main- 
tained at 650 F-675 F by thermostatic control. The 
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Fig. 6—Body and button are tinned by dipping in 
fusible alloy. Alloy is poured into 1-in.-diameter 
stainless ladle to depth of \% in. over button. 


pot holds 95-100 lb of metal and is heavily insulated 
on the outside to conserve heat and insure the operat- 
or’s comfort. Heating elements are cast into the walls 
of the pot and operate on 220 volts a-c. 

Both the body and the button are tinned by dipping 
in the fusible alloy (Fig. 6). The film of fusible 
alloy surrounding the button is obtained by pouring 





Fig. 5—Before applying fusible 
metal that holds them together, 
boiler plug bodies and buttons are 
immersed in hot alkaline cleaner 
at 180 F for 15 minutes to remove 
surface grease or oil, then rinsed 
in hot water and immersed in hot, 
strong muriatic acid for 10 min. 
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Fig. 7—Apparatus used in testing boiler drop plugs. 


a predetermined volume of molten alloy to a depth 
of 1% in. over the top of the button. A small, stain- 
less steel pouring ladle, slightly more than | in. in 
diameter, is used for this purpose. The fusible metal 
is cleaned of mechanically trapped impurities by 
bubbling dry nitrogen gas through it for 8 to 10 min 
at the end of every hour. 

The whole assembly is then carefully transferred 
to a cooling plate to solidify. This cooling plate con- 
sists of a hot plate held at 140 F by thermostatic 
control. It has been found that slow, controlled cool- 
ing will prevent hairline cracks in the fusible alloy. 
After the metal has solidified and the plugs are 
reasonably cool, they are given a final wash and buff. 
Six out of every 125 are picked at random and sent 
to the laboratory for testing. 


Examined For Dropping Temperature, Bond 


When finished drop plugs are received in the labo- 
ratory, they are divided equally for different exami- 
nations. One-half of the plugs are tested for dropping 
temperature. This is done by placing the plug to be 
tested in a supporting saddle immersed in an agitated 
oil bath preheated to a temperature of 515 (Fig. 7). 
A weight is applied on the button of the drop plug 
so that the load over the button face equals 300 psi. 

Temperature of the oil bath is raised slowly until 
the plug functions. Function should occur under 
such conditions at a temperature of 530 F to 555 F. 
After functioning of the plug, the oil bath is cooled 
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to 515 F, at which point another plug is inserted 
and the cycle repeated. This cooling period between 
the testing of the plugs is essential. Temperature at 
time of plug functioning is measured with a mercury 
thermometer. 

The other half of the test lot of plugs is examined 
for bond as follows: a plug is split by first sawing a 
Y4-in. V in opposite sides of the threaded end. Then, 
without sawing through the button, the rest of the 
plug body is sawed in line with the apex of the V. 
The threaded end is then placed in a vise and pressure 
is applied until the plug body separates from the 
button, exposing the alloy bond area. 

If the bond of any plug shows other than a uni- 
formly frosty appearance over the face of the split 
bond, or if in the dropping test any plug functions 
outside the temperature limits 530 F to 555 F, that 
plug is considered to have failed. In that event, six 
more plugs of the same serial and operator number 
are obtained and either split or dropped. If any of 
these six should fail, that operator’s lot of 82-84 plugs 
is reworked and resubmitted for testing. If such 
plugs fail to pass a second time, the lot is scrapped 
and a new set of plugs processed from new bodies 
and buttons. 


Reduce Button Creep Tendency 

In order to reduce tendency of buttons to creep 
at such boiler pressures as 300 psi, research work 
has been conducted on such phases of their manu- 
facture as: (1) various fusible alloys, such as silver 
solder, reduced tin content and pure lead; (2) nickel 
plating part exposed to boiler water; (3) heat treat- 
ment and aging; and (4) design change. 

Preliminary tests were run in the laboratory using 
four small steel bombs with each end tapped to 
receive a drop plug. On all tests a standard drop plug 
was screwed in at one end and the plug under investi- 
gation at the other end. The bomb was filled with 
typical boiler water and the whole assembly placed 
in a_ thermostatically controlled oven heated to 
produce 300 psi in the bomb. Each test was run for 
168 hr. At the end of this period the bombs were 
taken from the oven to cool and the drop plugs 
removed for examination. 

These tests indicated that silver solder has a ten- 
dency to corrode, while nickel plate rapidly ruptures. 
Lowering tin content causes difhculty in processing. 
The final outcome of these tests was to adopt a change 
in design whereby length and diameter of the button 
were increased 14 in. This increased the effective 
bonding area, but maintained the standard fusible 
alloy composition of 88.90 lead and 11.10 tin. 

To confirm laboratory findings, road tests were 
run on locomotives equipped with the longer buttons 
and it was found this design change materially re- 
duced tendency of the button to creep. The change 
was then adopted as standard. 








CORE PRACTICE AS RELATED TO 
MALLEABLE FOUNDRY LOSSES 


By 
E. J. Jory* 


EVERY DAY IN EVERY FOUNDRY a great amount of 
effort is expended in reducing casting losses and im- 
proving quality levels. The reasons for this are ob- 
vious—effhiciency, costs, and customer satisfaction. 

Since many scrap castings may be the result of more 
than one cause, it is not always easy to pin down the 
practice which results in foundry losses. The most im- 
portant factor in overcoming any type of scrap is the 
use of the powers of observation. This may be a case 
of merely looking at a scrap casting critically and 
visualizing what must have happened to produce it, 
or by correlating operating or experimental data with 
resulting quality levels by statistical means. Unless an 
open minded approach by all concerned is adopted, 
and unless an intelligent analysis based on thorough 
observation is made, it is extremely difficult to over- 
come foundry losses. 

Since this discussion of losses is to consider only the 
effect of core practice, it is well to first point out that 
the part which cores may play in the production of 
castings which are scrapped or require salvage opera- 
tions, is not always obvious. Because of this, scrap 
produced by cores often is not charged to the coreroom. 
On the other hand, the coreroom supervisor may be 
charged with scrap which is not caused by the core 
practice, due to faulty analysis. 


Accurate Scrap Analysis Needed 


As an example of this the case of a large and com- 
plicated casting being scrapped because of a thin sec- 
tion in the drag can be cited. This scrap, which 
amounted to about 4 per cent of the castings produced, 
had been analyzed by the molding foreman as being 
caused by sagging cores. The coreroom foreman, who 
had observed the scrap castings with the molding fore- 
man, had accepted responsibility for the losses and 
was trying in several ways to eliminate the core sag. 

This situation had existed for several months with 
occasional improvement, but the loss was not perma- 
nently eliminated. Finally, at the suggestion of an 
outsider, a gage was made to check the cores for sag- 
ging. No sag was found, and in some cases the core was 
off in the opposite direction. Further observation 
showed that the thin drag sections were caused by the 
molders placing the drag mold on dirty bottom boards, 
which cause the drag mold face to be pushed up. 

Incidental to this situation, a large increase in the 
occurrence of hot tears in this casting resulted because 
the coreroom had gradually increased the hardness and 
strength of the body core to the point where it re- 
stricted the normal contraction of the metal in the sec- 
tions around the core. 

The fact that situations such as that related in the 


e National Malleable & Steel Castings Co., Cicero, II. 
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foregoing example exist, indicates that in order to 
reduce foundry losses it is necessary that all concerned 
have the ability to use the apparent facts to solve the 
problem. Coreroom supervision should become ac- 
quainted with the various types of scrap for which 
it might be responsible, and also that which the other 
foundry departments might cause. Since in many cases 
the supervision in a department comes up through that 
department, it often is not familiar with the problems 
of others. 

At times in the core department the scrap is not 
conveniently seen, and it is advisable for core per- 
sonnel to make a daily practice of reviewing the scrap, 
and by so doing gain knowledge and experience from 
the problem encountered. Some of the specific types 
of defects for which the coreroom may be responsible, 
and means which have been successful in eliminating 
them, are discussed in the following. 

Hot tears result when the restricting forces set up 
by the mold or core are greater than the ultimate 
strength of the metal during the cooling period after 
solidification. In this case the desirable approaches are 
to increase the ultimate strength of the metal, or re- 
duce the restricting forces. 

Here the coreroom is charged with the responsibility 
of producing a core which will have properties such 
that it will offer a minimum resistance to the con- 
tracting metal. This problem has been attacked in 
many ways and with varying degrees of success. 

One method which has been found quite effective 
is that of controlling core density or, more simply, 
core weights. This requires. proper ramming of the 
core in hand-ramming operations. To obtain a core 
of minimum density requires the least amount of 
ramming commensurate with retaining sufficient di- 
mensional stability. In the writer’s shop it has been 
found that to control cracking tendencies on a par- 
ticular casting, it is necessary to hold the weight of an 
internal core to 12 lb maximum weight. 


Control Core Ramming 


It has been proved that cores weighing 13 lb will 
produce 100 per cent hot tears. On the other hand, 
it has been found that cores rammed to 1114 pounds 
tend to sag, with resultant loss in holding dimensions. 
To obtain this degree of control requires that the 
coremaker be carefully trained, since the surface of 
the core must be well packed to avoid casting rough- 
ness while the body of the core be softly rammed. 

In making such a core the coremaker’s only tool 
is the strike-off. He is not permitted to use any aid to 
ramming other than skillful use of his hands. The 
sand for such cores is made by blending base sands 
of different finenesses so that the grain is distributed 
over six sieves. Sufficient cereal is used to bond the 
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said to about 1.2 psi green strength. With this sand 
practice sufficient green strength is obtained from 
the spread of grains and cereal for the core to main- 
tain its shape. The grain distribution spread also helps 
to maintain desired casting surface finishes without 
tne use of core washes, in spite of the soft ramming. 

Control of this practice is maintained by weighing 
the cores at random as they come from the ovens. 
When core weights exceed the desired minimum, the 
core supervisor is immediately notified and takes cor- 
rective action. This practice has, in some cases, been 
found to warrant making a job by hand rather than 
on the coreblower. 

In cases where hot tears persist in spite of con- 
trolled core weights, it has been found helpful to use 
a filler in the sand. So far the most effective filler 
found has been sawdust, which means materials having 
a particle size of about 20 mesh. This material used in 
proportions up to 25 per cent by volume has been 
quite effective. The use of wood flour in equal 
amounts, in the author’s experience, had not been 
nearly as effective. There are undoubtedly other fillers 
available and in use which would be equal to sawdust, 
but from the standpoint of costs and results sawdust 
has been quite satisfactory. 


Some Objections to Sawdust in Cores 


There are certain objections to the use of sawdust 
which are well founded. The greatest disadvantage 
is its effects on casting surfaces, where it produces un- 
desirable roughness. This can be overcome where con- 
ditions are most abusive to the core by the use of core 
washes. Where conditions in the mold are such that 
cores are not submitted to excessive erosion or heat, 
the use of sand mixtures with broad grain distribu- 
tion, as previously mentioned, seems to be sufficient. 

Another disadvantage often mentioned is that heaps 
or sand systems become increasingly filled with saw- 
dust. The author has never seen this condition exist. 
However, if such a condition should arise, it would 
be a matter of considering the various factors involved 
and determining a proper course of action. Sawdust 
also has the undesirable characteristic of weakening 
the cores in the dry state and careful handling is 
required. This can be helped by judicious use of high 
dry strength facing and rods. Because of its disadvan- 
tages the use of sawdust is indicated where no other 
means of reducing hot tears is effective either in the 
foundry or coreroom. 

A combination of the two aforementioned practices 
appears to be the limit to which the coreroom can go 
in helping to overcome hot tears. However, there are 
other steps which can and should be taken in all 
cases. It is desirable to always use the least amount 
of binder commensurate with core handling. The use 
of extremely fine sands or sand containing clay should 
be held to a minimum. 

Proper baking is desirable because the presence 
of unoxidized core oils results in an exothermic re- 
action which would have an adverse effect on casting 
hot spots. Keeping the moisture contents of core sands 
at a minimum is desirable, since increasing moisture 
contents result in increasing all core properties which 
would tend to promote hot tearing. 

It should be remembered that not all hot tears are 
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the result of core conditions. In nearly all cases the 
causes of hot tears are the result of several factors 
acting simultaneously. However, careful analysis of 
how stresses are acting in a casting prone to hot tear 
will indicate whether or not cores are a contributing 
factor. If it can be seen that cores may be a factor, 
then steps should be taken to correct the condition 
and practices devised for that purpose be maintained 
by some form of control. 

Strain cracks are the result of uneven cooling of 
different casting sections. It is doubtful that the prop- 
erties of cores have any great effect on the occur- 
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rence of strain cracks. However, it has been found that 
in mechanized shops where shakeout occurs shortly 
after pouring, the time required for a core to shake 
out may have some effect on strain cracks. 

It was noticed that in a hub casting where the hub 
core disintegrated and ran out of the casting rapidly, 
there was less tendency toward strain cracks than when 
the core sand was retained in the casting. Apparently 
the reason for this was that the rapidly disintegrating 
core allowed air to penetrate to the heavy sections of 
the casting, thereby cooling it faster in relation to the 
lighter flange. More even cooling reduced the strains 
usually set up with less collapsible cores. This prac- 
tice was controlled by holding core sand moistures to 
a minimum. 

Core scabs and cuts are the result of intergranular 
expansion of the sand grains of the core sand mixture. 
They are usually found in locations which are subject 
to abuse from the metal entering the mold, and if 
they are sufficiently serious may develop into what is 
known as a core cut. 

The circumstances present when a core cut or scab 
appears indicate insufficient strength of the sand at 
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high temperatures. This lack of high temperature 
strength can be rectified by additions to the sand mix- 
ture of silica flour in sufficient amounts, usually at 
least 20 per cent by weight. The use of core wash 
cannot be strongly relied upon to prevent scabs 
or washes. 

For experimental or control purposes a very useful 
too] is the sand test block shown in Fig. 1. Experi- 
mental core sand mixtures can be made up into ram- 
up cores, which are rammed up in the mold at cope 
and drag of the plate section of the pattern. Since the 
entire casting is poured through this plate section, 
the cores being tested will receive extreme abuse from 
the flowing metal. If a mixture is produced which 
resists cutting or washing in this application, the 
chances are great that it will perform quite satis- 
factorily in use. 


Reduce Core Gas Pressure 


Core blows may be the result of core conditions if the 
gas pressures developed within the core are greater 
than the surrounding metal pressures. The logical 
approach to this problem is to reduce the amount of 
gas-producing material in the core sand mixture, or 
to improve the core baking process. However, the core 
gas pressure and metal pressure relationship are often 
such that additional help in reducing core gas pres- 
sures is required through the use of vents. 

When vents are necessary they must be properly 
placed and made. The appearance of a hole in the 
end of a core print should not be accepted as con- 
clusive evidence that a core is vented. Very often 
blows will appear at feeders or gates of the cored 
heavier sections of light castings. These can often be 
traced to the core. The reason they appear at the gate 
mouth probably is that the metal here remains fluid 
longer than in other sections of the casting and offers 
less resistance to the passage of gases. 

Another source of core blows is in the use of 
patching material. Core patching materials usually 
contain high percentages of gas producing materials. 
This concentration of gas producers in a small area 
where cores may be patched because of chipping or 
carelessness can easily result in blows. The best remedy 
for this condition is to make and handle cores in such 
a manner that patching is not necessary. Where the 
use of mud is necessary, as around paste-in cores, it 
should be used in as small amounts as possible and 
carefully dried. 


Finer Core Sands Improve Casting Surface 


The use of core washes sometimes resulted in the 
presence of very small blows about 1% in. in diameter 
throughout sections of a casting. When washed cores 
were applied to the plate section of the test block 
(Fig. 1), these small blows were often found in the 
plate sections of the casting. Wherever possible it has 
been found desirable to improve casting surface con- 
ditions by the use of finer sands in the core mixture. 

Penetration and Rough Surfaces: Casting buyers have 
become more and more demanding for smooth sur- 
faced castings free from adherent sand grains. The 
use of washes with cores certainly improves surface 
conditions; however, aside from the fact that this 
adds costs of labor and materials to the finished prod- 
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uct, it often results in the presence of small gas holes 
in the casting which are not uncovered until the 
machining operation. 

Except in most severe cases surface finishes can be 
satisfactorily controlled through the sands used in th« 
core mixtures, without appreciable cost increases. ‘Th« 
judicious blending of base sands in such a manner as 
to produce a five or six sieve sand, with 10 to 15 pe: 
cent of the grains below the No. 100 sieve, will resuli 
in desirable finishes in most cases. 

The use of excessive fine material or clay containing 
sands will result in the need for more binder, thus 
increasing costs and the possibility of blows. However, 
a study of the sands available and sufficient experi 
mentation has provided core mixtures requiring no 
more than the usual amounts of binders, and highiy 
satisfactory finishes. 

Poor packing or ramming of cores results in poor 
casting surfaces. There is no substitute for proper 
ramming, and no other steps to improve finish should 
be considered until satisfactory ramming is attained. 


Watch Gating System Cores 

Dirt appearing in cope surfaces of castings can often 
be attributed to core failures. This dirt may be the 
result of a core cut or scab, and where this is the case 
it is not difficult to uncover the source. However, if 
the dirt occurs with no appearance of a source, it is 
wise to €xamine the sprue of the casting at points 
where cores are used in the gating system. It is some- 
times found that skim cores or gate cores may be 
disintegrating under the flow of metal. 

While gate cores may appear insignificant, upon 
failure they suddenly become the most important core 
in a mold. It has been found that the best insurance 
against this possibility is the use of silica flour in the 
sand mixtures for gate cores, especially for heavy work. 

Dimensional Variations in Castings: The manner in 
which a core is handled may result in variations in 
casting dimension. Where this dimensional instability 
is great enough it may cause misruns or crushes, which 
are easily identified in a hard iron casting. However, 
these discrepancies may be such that a casting will 
pass hard iron inspection and be broken in finishing 
operations in an attempt to make it meet the gages, 
or it may fail in service. 

These conditions may be caused by excessive jolting 
of core boxes after the core is rammed and before the 
box is drawn, soft ramming, inaccurate dryers, weak 
sand, core box wear, or careless clamping of core boxes 
prior to making the core. Where a critical casting di- 
mension is determined by a core, the use of gages or 
rubbing jigs is mandatory, at least for spot checking. 

Shrinks: Cores can sometimes be an indirect cause 
of shrinks by creating hot spots at undesirable points 
in castings. It has long been known that the presence 
of unoxidized core oil may produce an exothermic 
reaction when it comes in contact with molten metal. 
Thus cores which have not been properly baked can 
produce hot spots with, resultant shrinks. It has been 
found that this heat-producing reaction does not 
occur in resin-bonded sands, which normally require 
less baking than oil-bonded sands. 

Proper baking of oil cores in dryers requires that 
the vent holes placed in the dryer at the core surface 
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have access to the atmosphere. Sometimes in the 
making of a dryer the core supporting surface is well 
vented with holes, but access of these holes to the 
atmosphere is prevented by the side and end sup- 
porting members of the drier. If some means of in- 
troducing air to the surface of the core in a form 
dryer is not available, that surface of the core’ can 
never be properly baked. 

Misruns and Cold Shuts: It has been said many times 
that molten metal will not “lay to” a hard, smooth 
core surface, and that hard core surfaces will result 
in misruns and cold shuts. A reasonable explanation 
would seem to be that hard, smooth cores usually 
have a high ratio of gas content to volume of core. 
When this gas is freed by the action of heat, the pres- 
sure produced in the mold and the chilling action 
of the gases must certainly affect the ability of the 
iron to run the casting. 

Unfortunately, we often have this condition in 
castings for which the cores are intricate and easily 
broken. Where this is the case, the binder content of 
the cores is increased to overcome excessive core break- 
age. When this is done, the conditions affecting mis- 
runs are naturally worsened. If possible, cores for such 
castings should be made as weak as possible and 
handled with great care. Scrap cores are undesirable, 
but less so than scrap castings. 

Sometimes this condition is improved by rough- 
ening cores with sand paper. This results in rough 
surfaces and is not a satisfactory solution where sur- 
face finish is important. 

Where core conditions as ahove cannot be con- 
veniently obtained, the foundry should consider im 
proved gating as a means of bettering the condition. 


Summary 


The author realizes that the foregoing discussion 
of defects resulting from cores is not complete, al- 
though the more common ones are presented. It is 
suggested that the following steps be taken in attempts 
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to reduce losses resulting from core practices. 

1. A systematic method of scrap analysis should be 
set up and should include the coreroom personnel. 
Failure to accurately determine causes or possible 
causes of scrap only confuses the situation. 

2. Possible causes of defectives should be investi- 
gated and positive causes determined. 

3. A practice should be decided upon for correc- 
tion of the defects. 

4. After the above steps are taken, the most im- 
portant phase follows—controlling the practice with- 
in the limits necessary to eliminate scrap. In core 
departments where the supervisory load is heavy, it 
may be desirable to install personnel whose primary 
function is that of controlling quality. Any aid to 
visual inspection of cores such as gages, jigs, and 
testing equipment should be available for quality 
control. 
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DISCUSSION 


Chairman: E. C. Zixzow, Deere & Co., Moline, Ill. 

Co-Chairman: F. J. PFARR, Lake City Malleable Co., Cleveland. 

Wo. FarreE._:* I wonder why it is that so often it is thought 
that cores and molding sand are the cause of hot tears. I rather 
think it is neither one. Hot tears are unknown in our plant. 
It used to be a troublesome problem with us until we installed 
moisture control. Then the hot tears disappeared. 

CHAIRMAN Zirzow: A few years ago we tried to produce hot 
tears experimentally in a casting using hard cores. We used a 
T-bar with a notch in the center and made a reinforced core 
by using rods. We were not able to produce hot tears in this 
particular casting. The only way you could produce a hot teat 
in this casting was by using steel bars in place of the cores. The 
steel bars would prevent any contraction which would produce 
hot tears. 


1 Vice President, Auto Specialties Mfg. Co., St. Joseph, Mich. 





DIMENSIONAL CHECKING AND PRESSURE 
TESTING OF GRAY IRON CASTINGS 


By 


Kenneth M. 


Introduction 


GRAY IRON CASTINGS which must be machined 
accurately on a number of surfaces should be dimen- 
sionally checked at the foundry to insure minimum 
scrap loss in the machine shop from foundry molding 
and core setting variations and from casting pouring 
and cooling variations. Similarly, castings which 
must be liquid and gas tight should be pressure tested 
in the foundry to reduce losses of machine shop time. 
Dimensional] checking and pressure testing also pro- 
vide convenient indications of undesired variations 
in foundry practices before any large scrap loss has 
taken place in the foundry. 


Dimensional Checking 


The first reason for dimensionally checking a cast- 
ing is to be certain that the pattern and core boxes 
will produce a casting with the proper dimensions. 
Since casting dimensional standards are determined 
by the type of service and market for which the cast- 
ings are intended, casting variations which can be 
compensated for in a very small lot of castings as- 
sume a major cost importance if thousands of the 
same casting are to be made. Sample castings require 
a complete layout on a surface plate both for check- 
ing the pattern equipment and for checking the in- 
spection fixture which may be used for routine check- 





* Foundry Engineer, Caterpillar Tractor Co., Peoria, Ill. 
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ing of additional castings. Figure 1 shows an engine 
cylinder block which has been set up on a surface 
plate in preparation for dimensional checking. 
Sample castings with inaccessible inner walls must 
be sawed through at the proper places to check pat- 
tern and core box accuracy and core assembly accur- 
acy. Figure 2 shows a cylinder head which has been 
sawed for checking internal wall thicknesses and pas- 
sageway contours. In high production operations it 
is advisable to saw up periodically sample compli- 





Fig. 1—Surface plate with engine cylinder block set up 
for dimensional checking. 


Fig. 2—Cylinder head casting sawed to show internal 
wall sections. 
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Fig. 3—Typical fixture for dimensional checking of an 
unmachined casting. 
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Fig. 4—Contour gage detail for checking fixture. 
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Fig. 5—Locating bar and bore scribing gage for check- 
ing fixture. 


cated castings in order to detect pattern or core box 
wear or foundry practice variations. The wall sec- 
tions of simple castings are easily checked with in- 
dicating calipers. 

The most important reason for dimensional check- 
ing of castings in the foundry is to make sure that 
sufficient finish allowance is available for all surfaces 
to be machined. Since molding, core setting, pour- 
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ing, . casting cooling operations produce dimen- 
sional variations, the checking operation can be done 
most conveniently with individually designed perma- 
nent checking fixtures in which the casting can easily 
be shifted to the proper location which will provide 
the most uniform machining allowances. After the 
proper casting location has been established in the 
checking fixture, bosses which have been provided 
on the casting in the proper locations to support it 
in the machining fixtures are ground or milled to the 
proper height. The locating bosses can be hand 
ground to the proper height as shown in Fig. 3 where 
simple swing-type gage arms are used to establish the 
proper boss height, or they can be machined to the 
proper height by individual end mills each held in a 
spindle mounted in an eccentric bushing which can 
be turned by a hand lever to swing the end mill across 
the face of the locating boss. The end mill assemblies 
should be mounted in rugged brackets which can be 
swung aside when the casting is placed in the fixture. 
The end mills can be driven by a portable air or 
electric motor. 

A typical fixture for the dimensional checking of 
castings on a production basis is shown in Fig. 3. 
These dimensional checking fixtures may seem quite 
complicated, but fortunately they are built up of 
quite simple basic elements. The first requirement 
for a good checking fixture is a base rigid enough to 
support itself and the casting without deflection when 
the base is supported on only three corners. A box 
with a flat machined top and multiple internal diag- 
onal ribs makes an excellent rigid fixture base which 
also provides a convenient reference surface for set- 
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Fig. 7—Adjustable vertical air clamp. 
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ting up the fixture components. All brackets carrying 
gaging elements should be rigidly constructed. 

Finish allowances on many casting surfaces can be 
checked by contour gage plates (Fig. 4) mounted on 
substantial plungers so the gages can be pushed up 
to the casting profile. For surfaces difficult to reach 
two identical contour gage plates can be mounted 
with spacers between them so the contour plates be- 
come line up sight gages. 

For checking internal bore finishes on castings such 
as engine cylinder blocks and transmission cases a 
reference bar can be inserted through the casting 
after it is placed in the fixture. Scribing gages with 
locating shoes can then be rotated against this bar 
(Fig. 5) for checking bore finishes. Scribing gages 
should have renewable scribing elements so a clear 
cut scribe line can always be made. In some cases 
short retractable locating bars can have permanent 
swinging scribe gages attached to the unsupported end 
of the bars. 

Both cam and screw type casting lifting and ma- 
neuvering devices can be. used for positioning and 
holding the castings in the fixtures. Cam type de- 
vices must be self locking or have friction locks to 
prevent casting movement during milling or grind- 
ing of the locating pads. The use of ample size hard- 
ened steel hinge pins, bushings, work rests, and check- 
ing bars will provide maximum accuracy and wear 
life for all moving parts. 

Accurate, rugged dimensional inspection fixtures in 
the foundry will insure the minimum casting loss 
from foundry practice variations, and they will also 
provide a convenient check on these variations. 
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INSPECTION OF GRAY IRON CASTING 


Courtesy Mechanical Products Corp., Chicago. 


Fig. 10—T-head self sealing test plugs. 





Courtesy Mechanical Products Corp., Chicago. 


Fig. 11—Air cylinder expanded rubber sealing plugs. 


Pressure Testing 


Gray iron castings which are used to contain or 
convey liquids or gases can be pressure tested by sev- 
eral methods. The method is determined chiefly by 
the quantity and variety of castings to be pressure 
tested. Where production rates are high, specially 
designed immersion type machines having the fol- 
lowing typical cycle are frequently used: load casting 
into fixture, clamp casting and seal all casting open- 
ings, apply air pressure to inside of casting, submerge 
casting in water, check for air leakage through cast- 
ing, remove fixture from water, unclamp casting, and 
remove casting from fixture. These special machines 
may pressure test one large casting at a time, or mul- 
tiple fixtures can be mounted on a wheel which car- 
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ries the casting under air pressure into the water 
tank and back to the loading station. These special 
machines frequently are used in the machine shop for 
testing castings after they are fully machined rather 
than for testing the unmachined castings before they 
leave the foundry. 

Immersion type testing machines have the problem 
of illumination of the casting when submerged plus 
the fact that it is difficult to detect small leakage 
rates on complicated castings especially those which 
have many sealed openings. 

A more sensitive method of pressure testing con- 
sists of sealing the casting openings before filling the 
interior of the casting with water under pressure. The 
air trapped in the casting is vented as the casting is 
filled with water. The part is kept under pressure 
sufficiently long for the liquid to pass through any 
porous areas. A careful visual inspection of the cast- 
ing surfaces will disclose very slow leakages through 
the casting walls. 

Typical details of pressure testing equipment can 
best be explained by describing’ an internal water 
pressure testing system designed to accommodate a 
wide variety of simple and complicated unmachined 
castings using the minimum number of special fix- 
tures. 

Castings are pressure tested in fixtures mounted on 
a 34-in. wide by 80-in. long cast iron table (Fig. 6) 
which has lengthwise T-slots at 614-in. centers ma- 
chined into its surface to permit clamping the fixtures 
to the table in any desired arrangement. A water 
drain trough runs around the outside of the table 
and discharges to a sediment trap mounted on the 
side of an open top rectangular water tank below the 
table. Submerged in the open top tank is a 30-gallon 
pressure tank which fills with water from the open 
top tank when air pressure is released from the pres- 
sure tank. After a casting is properly clamped in 
the pressure testing fixtures, compressed air at any 
desired pressure up to full line pressure is admitted 
to the top of the water pressure tank through an ad- 
justable air pressure regulator. The water trapped 
in the pressure tank by a check valve on the 
tank inlet is carried by hoses to the pressure testing 
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Fig. 12—Cam-expanded rubber sealing plug. 
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fixtures where the water drives trapped air out of 
the casting through the testing fixture air cocks lo- 
cated at the high points of-the casting. When solid 
streams of water flow out of the air cocks, they are 
closed and the casting is held under pressure a suf- 
ficient length of time to disclose any leakage through 
the casting. After the casting surface is thoroughly 
checked for leaks, the water pressure is released, and 
the casting is removed from the fixture. 

The casting clamping and support fixtures are de- 
signed for the interchangeable use of as many fix- 
ture parts as possible. In most cases casting clamping 
actions and sealing pad motions are provided by air 
diaphragm units of the type used for air brakes on 
highway truck trailers. Five sizes of these air dia- 
phragms having from 12 to 36 sq in. of effective dia- 
phragm area are used, All sizes of the air diaphragms 
are mounted on the same size nose plate and have the 
same size T-nut mounted on their stem. This per- 
mits the easy insertion into the fixtures of the proper 
sizes air diaphragms needed to supply the clamping 
pressure on any casting. The operating air for these 
diaphragms is supplied by two manifolds each hav- 
ing six outlets and its own contro] valve and pressure 
regulator. Two manifolds permit the separation of 
vertical and horizontal clamping motions. All air 
and water hoses are provided with quick disconnect 
couplings on both ends. 

Part of the fixtures are provided with mounting 
slots for the air diaphragms, but adjustable vertical 
clamps (Fig. 7) or adjustable angle or horizontal 
clamps (Fig. 8) are used wherever possible. The actual 









































Fig. 13—Air-operated flange clamp sealing pad. 
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casting clamping and sealing is done with extensions 
which slide through the guide bushings of the ver- 
tical or horizontal clamps or fixture bases. One end 
of the extensions is machined to match the air dia- 
phragm T-nut so the spring in the diaphragm unit 
will retract the extension, and the other end of the 
extension carries either pressure fingers or sealing 
pad retainers. These sealing pad retainers (Fig. 9) 
have a 34-in. deep recess, and are made with a \,-in. 
taper on each side of the recess to grip the %4-in. 
thick gum rubber sealing pads. The rubber sealing 
pads may have a circular, rectangular, or irregular 
shape to match the dimensions at the bottom of the 
retainer recess. Short pipe nipples are inserted 
through the rubber sealing pads for both water inlet 
and air vent connections to prevent collapsing the 
hole in the rubber sealing pad when it is clamped 
against the casting. 

Many pressure testing set-ups are simplified by 
using T-head self sealing test plugs (Fig. 10); air cyl- 
inder expanded rubber sealing plugs (Fig. 11); cam 
expanded rubber sealing. plugs (Fig. 12); and air 
operated flange clamp sealing pads (Fig. 13) which 
use air cylinders identical with the ones shown in 
Fig. 11. 

The casting support fixtures are individually de- 
signed with supports, locating stops, sealing pads, 
water inlets, and air vents as needed. Wherever pos- 
sible the support fixtures are designed for testing a 
group of similar parts by the use of adaptors and ad- 
justable fixture parts. A series of several sizes of flat 
rubber sealing plates provided with adjustable locator 
fingers is used for testing a great variety of castings. 
For clamping large flat castings against a sealing plate 
a fabricated bridge which holds up to ten air clamp- 
ing diaphragms is mounted on the pressure testing 
table. 

A typical fixture set-up for pressure testing a pipe 
casting is shown in Fig. 14. 
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Fig. 14—Typical pressure testing fixture set-up. 


INSPECTION OF GRAY IRON CASTING: 


Many of the above methods of construction can be 
used in designing quite simple single purpose pres 
sure testing fixtures and machines. For example, aii 
or liquid passages in large castings can be pressur« 
tested in quite simple self-contained fixtures by th« 
addition of a drain pan and gravity filled pressure 
tank to the fixture. When this is done an air cock is 
used between the drain pan and pressure tank for 
manual control of the water return to the pressure 
tank in order to avoid trouble from sediment in a 
check valve. 

Air-operated arbor presses or jolt-squeeze molding 
machines are quite readily convertible to specialty 
pressure testing machines by adding a drain pan and 
a pressure tank. Converted jolt-squeeze molding ma- 
chines are very useful for pressure testing many flat 
bottom parts such as cylinder heads because the cast- 
ing sealing pads can rise up through specially designed 
roller conveyor tables which permit the installation 
of the machine in or next to roller conveyor lines. 

Pressure testing of castings in the foundry provides 
a convenient check on foundry practices, and saves 
the machine shop time which would otherwise be 
wasted on defective castings. 


DISCUSSION 


Chairman: JAMES THOMSON, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman: H. W. Jounson, Wells Mfg. Co. Skokie, Ill. 

H. H. Lurie:* How frequently do you cut up castings for 
gaging critical sections to determine whether there is any wear 
on the patterns? 

F. W. Suiptey:* That is rather difficult to answer. Our In- 
spection Dept. is quite large and castings are constantly being 
layed out for dimensions and cut up for examination of section 
size. So it would be rather difficult to say what per cent of the 
castings are cut up or how often it is done. But I can assure you 
that as soon as any indication of pattern wear becomes evident 
the Inspection Dept. will find it quickly. In addition to this, 
the quality control group in the foundry itself constantly breaks 
up scrap Castings to determine the causes of defects and at that 
time any appreciable pattern wear would also be discovered. 

Co-CHAIRMAN JOHNSON: What is the maximum water pressure 
you use for testing these castings? 

Mr. SHIPLEY: We normally use 40 to 50 lb pressure on our 
water test machines when we check for pressure leaks. 

Co-CHAIRMAN JOHNSON: Have you ever found that castings 
which showed no leak when tested at high pressure, would show 
leaks under less pressure due to a sealing action? 

Mr. SuipLey: I do not think so because we use plain water. 

Mr. Lurie: We have an aluminum pan which sometimes 
does not leak during water pressure testing, but due to the hot 
oil in the engine it will open up when in operation. Hot oil 
seems to go through where water will not. 

Mr. SHipLey: We have castings which we pressure test with 
kerosene and not water; kerosene will go through in instances 
where water may not. 


1 Chief Metallurgist, Cummins Engine Co., Columbus, Ind. 
* Foundry Manager, Caterpillar Tractor Co., Peoria. 
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CHOOSING EQUIPMENT FOR NONDESTRUCTIVE TESTING* 


By 


Carlton H. Hastings** 


Introduction 


CHOICE OF NONDESTRUCTIVE TEST EQUIPMENT for 
practical application in the production foundry in- 
volves consideration of four principal tests: 1. Radio- 
graphy, 2. Magnetic particle tests, 3. Penetrant tests, 
and, 4. Ultrasonic or acoustical tests. Although there 
are many other types of nondestructive tests for 
metallic materials, some of which may have limited 
application to the examination of castings, the four 
methods just mentioned have been most widely used 
and accepted. It is the purpose of this paper to 
discuss first the important aspects of applicability of 
these four methods in particular, and subsequently of 
nondestructive tests in general, with regard to the 
choice of test equipment. 


Principal Methods 


Let us consider the principal methods of test in 
the order listed above. They are all tests used to 
determine soundness of castings. 

Radiography 

Choice of radiographic test equipment to suit 
foundry application should be predicated upon a 
knowledge of (a) the penetrating power required of 
the X- or gamma-radiation source; (b) the degree of 
flaw detectability desired; and (c) the portability or 
convenience of use associated with the equipment as 
it relates to the particular foundry production oper- 
ations involved. 


Penetrating Power—With regard to penetrating 
power and thickness limitations of the radiographic 
method of test, there are very few X-ray units avail- 
able today for the examination of steel sections greater 
than 6 in. Depending upon the length of exposure 
time which is deemed feasible or economical, one 
might establish arbitrary thickness limits for X-ray 
examination of castings as shown in Table 1. Photo- 
graphic recording techniques only are considered in 
this table. 

*The statements or opinions expressed in this paper are 
those of the author and do not necessarily represent the views 
of the Ordnance Corps. 

** Physicist, Watertown Arsenal, Watertown, Mass. 
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In addition to the above limitations it should be 
noted that radiography employing radium or the 
radioactive isotope Cobalt® as a source requires 
greater exposure times for equivalent steel thickness. 

A fair comparison cannot be made between these 
gamma-ray sources and X-ray units because of this 
fact. If one neglects to consider the exposure times, 
which, incidentally, are usually measured in hours 
or days (sometimes up to one week) for radium and 
cobalt® sources rather than in minutes as for X-ray 
sources, then an arbitrary thickness limitation based 
on picture quality alone would be about 8 to 10 in. 
of steel for gamma-ray exposures. 

Considering aluminum alloys, the thickness which 
can be satisfactorily radiographed using 250-kv equip- 
ment is about 4 in. Since copper-base alloys are more 
opaque to penetrating radiations than steel, the thick- 
ness limitations are correspondingly decreased. Thus, 
where 114 in. of steel can be readily examined with 
250-kv equipment, the corresponding limit for brass 
is about 114 in. 

Flaw Detectability—One of the technical details of 
the radiographic method of test, which is often ig- 
nored, and which should have a considerable influ- 
ence on the selection of radiographic equipment for 


TABLE 1—MAXIMUM THICKNESS OF STEEL TO BE 
RADIOGRAPHED WITH X-RAY TUBES OF A 
GIVEN KILOVOLTAGEt 





Max. Steel Thickness Max. Steel Thickness 


for obtaining excellent for obtaining 
Tube pictures in short good pictures using 
Kilo- exposure times using fluorescent screens, 
voltage lead screen, in. in. 
150 % 1% 
250 1% 3 
400 24% 4 
1,000 31% 6 
2,000 6 14* 
20,000 20° 


* Based on the use of lead screens with long exposures. 





+From Ordnance Inspection Handbook on Radiography, 
ORD-M608-3, Ordnance Department, U. S. Army, May 1949. 
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the foundry, is its variable sensitivity to defects. It 
does not seem worth-while to require an inspection 
of any type and to subsequently tolerate a testing 
technique which defeats the purpose of the inspection. 

In other words, radiographic equipment and tech- 
niques should be chosen with the objective of detect- 
ing flaws, not with the objective of merely blacken- 
ing the film. Although a large part of the variability 
of the sensitivity of the radiographic method can be 
attributed to the incorrect handling of equipment, 
which is itself capable of producing goud results, the 
choice of the equipment for particular jobs is often 
to be blamed. As an example of this situation, the 
writer is acquainted with an inspection problem in- 
volving a steel casting of about 34-in. thickness. Prob- 
ably for economic reasons, the foundry performing 
the required radiography chose to rent a radium cap- 
sule. It was found that satisfactory radiographs could 
not be made with such a source on this particular 
casting. This finding was based on the appearance of 
the penetrameter image on the radiograph. Satisfac- 
tory radiographs will reveal clearly the details of a 
penetrameter test object placed on the casting, so as 
to cast its image onto the film. In this instance, the 
details of the penetrameter image could not be seen, 
thereby indicating an inferior radiograph. 

It is difficult to get adequate defect detectability on 
thicknesses of steel less than | in., or light alloys less 
than 4 in. in thickness when using high voltage X- 
rays, radium, or cobalt®® as a source. As a general 
rule, when considering equipment selection for a par- 
ticular job, the lowest kilovoltage X-rays which can 
form a picture in 15 min or less should be employed. 
In following this rule, one should remember that 
radium and cobalt® are considered to be roughly 
equivalent to a 2,000-kv X-ray machine. In the ex- 
ample just described, a 250-kv X-ray machine should 
have been used for satisfactory radiography. 

In addition to considering the kilovoltage of the 





Fig. 1—This unit (150 kv production type) is ideally 
suited for inspecting thousands of small parts per day. 
Cabinet is completely rayproof. 
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Fig. 2—This unit (150 kv portable x-ray type) is well 
adapted for use in a shop or on location to radiograph 
welds in steel plate up to 1 in. thick. The cooling 
system is self-contained and the unit will operate 
wherever a 220-volt power source is available. 


source when choosing equipment, careful attention 
should be given to the selection of film. If only gross 
defects are sought, most any industrial radiographic 
film which permits reasonable exposure time can be 
made to do the job. However, if it is required to de- 
tect cracks or some of the more elusive defects, such 
as microshrinkage in magnesium castings or fine 
shrinkage in cast bronze or steel, then high-contrast, 
fine-grained radiographic films must be employed. 

It should be pointed out that deviations from the 
above principles may yield films which are of no use 
as far as detecting flaws is concerned. In such cases, 
the radiographer is only going through the motions 
of making a radiograph, will obtain a meaningless 
picture, and is literally wasting his time. 


Portability or Convenience of Use—Of the three fac- 
tors upon which a choice of radiographic equipment 
depends, portability or convenience rightfully belongs 
at the bottom of the list. Although this factor is im- 
portant to the economic and expeditious use of radi- 
ography, its importance must be subordinate to the 
consideration of (1) equipment capable of penetrat- 
ing the casting and (2) equipment capable of form- 
ing a good picture of the casting. 

Figures | to 5 are intended to illustrate various 
types of X-ray equipment designed for convenience 
in different applications. Figure 6 shows for compar- 
ison a radium “pill.” Its small size and related porta- 
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Fig. 3—This is a 250 kv x-ray type unit on jib crane. 

Entire high voltage system and tube are enclosed in 

one oil-filled housing. Water cooler is mounted on 

wall. Control panel is outside of exposure room. Jib 

crane mounting provides easy manipulation of tube 
for a variety of jobs. 


bility is the strong point in favor of this type of 
source. 


Magnetic Particle Tests 

Whereas the radiographic method of test is applic- 
able to all cast metals, the magnetic particle tests for 
soundness can be successfully applied only to castings 
of ferromagnetic alloys such as the ferritic cast irons 
and steels. The austenitic alloys of iron are not fer- 
romagnetic and cannot be tested successfully by mag- 
netic particle methods. The choice of magnetic par- 
ticle test equipment should be based upon (a) the 
surface condition of the casting; (b) the degree of 
flaw detectability required; (c) the possibility of in- 
juring the casting by overheating or burning the 
metal; and (d) the convenience of operation and 
compatability with other production equipment. 


Surface Conditions—If the casting has the usual as- 
cast finish (fairly rough) the dry-powder technique is 
advisable since the light oil suspension of magnetic 
particles employed in the wet technique is difficult to 
apply and interpret properly under these conditions. 
An exceptionally smooth as-cast surface or the mach- 
ined surfaces of castings may be examined with the 
wet technique, if greater sensitivity to fine cracks is 
desired. Scale, paint or oxide coatings on the surface 
of a casting may require the use of a higher voltage 
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associated with the magnetizing equipment than clean 
or sand blasted surfaces. This situation may be en- 
countered when using direct magnetizing techniques 
(passing the magnetizing current directly through the 
casting by means of electrical contacts). It should be 
emphasized, however, that the use of the higher volt- 
ages (50 volts or more) in order to arc through such 
surface coatings may seriously injure the surface of 
the casting. Adequate surface cleaning and the use 
of low voltage equipment (6 to 12 volts) is to be pre- 
ferred. Precautions against permanent injury of the 
type just mentioned will be discussed at greater length 
in a subsequent paragraph. 


Flaw Detectability Required—Beginning again with 
a discussion of the magnetic particles themselves, the 
greatest sensitivity to small surface defects, such as 
quench and grinding cracks, is afforded by use of the 
wet suspension of particles in a light oil such as kero- 
sene. Depending upon the size of the castings to be 
examined, the suspension may be applied by spraying 
from a hand or machine-operated spray gun, pump- 
ing from a supply reservoir through a hose and noz- 
zle or by immersion of the casting in a gently agitated 
bath of the suspension. 

The dry-powder technique provides greater sensi- 
tivity to more deeply seated gross defects such as 
shrinkage cavities, elongated gas cavities, inclusions, 
and hot tears. Although the magnetic particle test- 
ing method is not held entirely reliable for the detec- 
tion of subsurface flaws, it should be clearly under- 
stood that the method is capable of doing a great 
deal in this direction. One should not expect the 
method to detect all subsurface flaws but if they are 
of interest to the inspector, use of the dry-powder 
technique will provide real information in the hands 
of skilled personnel. 

Dry magnetic powder may be applied from either 
hand or pneumatic applicators with about equally 
good results, the difference being largely one of con- 
venience. With regard to the selection of magnetic 





Fig. 4—This 260 kv mobile x-ray unit is completely 

self-contained and requires only a 220-volt power sup- 

ply to operate. Operator's booth is lead-lined, but all 

other personnel must be kept at least 50 ft away while 
unit is operating. 











$12 





Fig. 5—This is a 1,000 kv resonance-type x-ray gener- 

ator suspended from bridge crane by a pantagraph 

device which prevents sway. Compare size of unit 
with older 400-kv unit shown in crate at left. 


particles, the writer considers the pastes or particles 
specially prepared for use with the wet technique most 
convenient and feasible when this technique is indi- 
cated. Specially prepared dry powders, available com- 
mercially for this test method, offer the advantages of 
several colors for ease of visibility on scaled as-cast 
surfaces, or sand-blasted finishes. Other finely divided 
iron powders, however, can provide adequate sensi- 
tivity for those who are able to test them in practice 
on samples containing known defects and may prove 
more economical than the specially prepared dry 
powders when a sufficient volume of inspection test- 
ing must be accomplished. 

With regard to magnetizing equipment, when heavy 
steel castings are to be examined with the hope of 
learning whatever the method can possibly reveal, 
direct current or rectified alternating current (pulsat- 
ing direct current) should be employed. Direct cur- 
rent welding generators, dry disc rectifier sets or 
similar units may be utilized. Magnetizing units 
should preferably supply up to about 800 amperes 
current (continuous rating) at low voltage (6 to 12 
volts) for heavy castings. Where the volume of work 
is small, high discharge storage batteries may be used 
but are generally considered to be a nuisance to 
maintain in a fully-charged condition. For small cast- 
ing of section thicknesses up to 14 in., sources supply- 
ing currents up to about 350 to 400 amperes should 
be adequate. Where only surface flaws are sought, al- 
ternating current sources may be employed. For al- 
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loys having a high magnetic retentivity and when the 
residual method of test is indicated as acceptable, 
short duty cycle magnetizing units supplying up to 
5,000 amperes direct or alternating current are often 
employed. 

When considering magnetizing techniques and the 
equipment associated therewith, it is believed worth- 
while to mention that with the exception of the so- 
called central conductor technique, cable wrapping o1 
solenoid (indirect magnetization) techniques are held 
inferior in sensitivity to direct magnetization. The 
direct methods require some form of electrical con 
tact plate or electrodes while the indirect methods 
tend to require varying quantities of flexible cable. 
All cables must be of sufficient current capacity to 
handle the heavy magnetizing currents without ex 
cessive heating. Welding cable is commonly employed 
for this purpose. 


Injury by Overheating—Certain precautions involv- 
ing special equipment features must be taken when 
employing the magnetic particle test on finished sur- 
faces or on the surface of air-hardening alloys. The 
high currents employed for magnetization may cause 
injury due to heating of the metal or by arcing so as 
to cause pits on machined surfaces. In the case of air- 
hardening steels, the local overheating which can oc- 
cur at the contacts when direct magnetization is em- 
ployed, may even initiate small quench cracks. Such 
difficulties may be avoided by using larger contacts 
made of soft copper gauze. Contact electrodes of this 
type are available commercially or may be improvised 
by attaching a stub of welding cable to the ends of 
the copper contact electrodes or prods usually em- 
ployed. This type of soft contact material decreases 
the danger of arcing and the possibility of obtaining 
burned or hot spots on the surface of the casting. 


Convenience of Operation—The large volume of 
heavy castings inspection is accomplished using port- 






Fig. 6—Radium pills for radiographic inspection. 
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Fig. 7—Bench-type magnetic particle inspection unit 
for wet method examination of small castings. 


able rectifier units and contact prods for magnetiza- 
tion. Such mobile equipment can be moved about 
the shop readily for inspection at the scene of other 
operations. If smaller castings, which can be easily 
manipulated by hand are to be examined, more con- 
venient bench-type inspection units are available. A 
typical unit of this form is shown in Fig. 7. If a great 
volume of production of small castings must be in- 
spected by this method it might be profitable to in- 
vestigate the procurement of a special inspection ma- 
chine designed to handle the particular product. Spe- 
cial equipment has been constructed for the rapid 
testing of aircraft cylinders for reciprocating engines. 


Penetrant Tests 

Penetrant tests include a variety of old and new 
versions of the so-called “Oil and Whiting Method.” 
Many of the newer techniques are patented and mat- 
erials for their accomplishment sold under numerous 
trade names. The choice of equipment or materials 
‘or implementation of penetrant tests seems to be 
mostly dependent upon convenience of use rather than 
upon any specific technical factors. Because of the 
fact that this group of tests involves patented tech- 
niques and because their choice involves mostly arbi- 
trary decisions pertinent to particular types of cast- 
tings, it is dificult to make any statements that would 
apply to castings, generally. It is therefore suggested 
that prospective users of this method request a demon- 
stration of the mat-rials and equipment for the par- 
ticular inspection problem involved. The writer be- 
lieves that ordinary good judgment and a familiarity 
with the particular foundry application are the only 
requisites for a proper choice in this instance. 


Ultrasonic or Acoustical Tests 

When applicable to the examination of castings, 
the ultrasonic techniques may be employed to mea- 
sure the thickness of metal involved, even if only one 
side of the metal is accessible, as well as to detect un- 
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sound conditions. 

A wide range of equipment is not currently avail- 
able for ultrasonic testing because of the newness of 
the method and the patent restrictions. The choice 
which is presented, however, concerns equipment pri- 
marily employed for thickness measurement. The echo 
techniques are to be preferred at the present time for 
thicknesses of over 4 in. For the measurement of 
thinner sections, and particularly for those thicknesses 
less than | in., the so-called resonance technique, em- 
ploying different apparatus than the echo techniques, 
is more desirable. Considering the resonance tech- 
nique for thickness measurements under 4 in., there 
are a number of available instruments. These are best 
selected on the basis of convenience of operation, por- 
tability, etc. At least one instrument is constructed 
for operation from self-contained batteries, and is 
therefore independent of power lines. This unit pro- 
vides an audible indication of proper adjustment by 
means of a pair of earphones, leaving the hands of 
the operator free for other tasks. Other types of ultra- 
sonic resonance thickness meters employ a calibrated 
cathode-ray oscilloscope for visual observation of data. 

For the detection of flaws in castings, the echo tech- 
nique and its associated equipment is the more ver- 
satile. 

There are a large number of inspection problems, 
associated with the testing of various shapes and sizes 
of castings, which cannot be approached with ultra- 
sonic techniques at all, considering the present state 
of the art. A complete discussion of the reasons why 
the method may or may not apply is considered to be 
beyond the scope of this paper. It should be pointed 
out that, in general, crystals of lower fundamental 
frequency should be employed for detecting flaws by 
reflection or echo techniques in castings in order to 
overcome the acoustic opacity associated with dendri- 
tic, coarse-grained, or porous materials. This acoustic 
opacity, which may prevent the successful application 
of ultrasonic methods to castings, becomes progres- 
sively greater at higher frequencies. 

In view of the foregoing statements, it is strongly 
recommended that ultrasonic equipment be demon- 
strated to be satisfactory for the particular inspection 
problem by actual trial prior to purchase. 


Nondestructive Methods—General 


Since the test equipment or other apparatus repre- 
sents only physical implementation of test methods, 
information of the type presented in the previous 
parts of this paper can only serve as a rather poor sub- 
stitute for an adequate understanding of the various 
test methods themselves. In order to increase the 
usefulness of the information which has been pre- 
sented, it is believed desirable to discuss some import- 
ant factors associated with the correct selection and 
application of nondestructive test methods. 

It is difficult to present all points of view regarding 
a subject. It is recognized also that the problem asso- 
ciated with inspection methods in the foundry must 
be considered from the point of view of the purchaser 
and the producer. 

The purchaser’s problem is to specify inspection 
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methods or technique properly and completely. It is 
the producer's problem to interpret these specification 
requirements in terms of production and cost consid- 
erations. Actually, the most serious inspection diff- 
culties are due to incorrect selection or application of 
test methods rather than test equipment. Difficulties 
of this type can only be avoided by strict vigilance on 
the part of both purchaser and producer. Although 
the following factors are discussed from the point of 
view of the purchaser, or actually the specification 
writer, the same factors should be considered by the 
producer during his study of specification require- 
ments prior to starting production. 

1. The engineer responsible for the selection of 
one or more nondestructive inspection test methods 
for the examination of a particular casting design 
should have a sound knowledge of the physical prin- 
ciples underlying the available methods. It is often 
the case that personnel preparing or applying specifi- 
cations do not have the time or the background of 
training necessary for them to acquire this basic 
knowledge. As an alternative to being expert in the 
principles of nondestructive testing, the engineer 
should require that methods and equipment be dem- 
onstrated, by a nondestructive testing specialist or 
the test equipment vendor, if he is qualified, to per- 
form satisfactorily on the particular inspection prob- 
lem. Satisfactory performance primarily involves the 
reliable evaluation of some chosen characteristic of 
the material being tested. 

2. The chosen characteristic mentioned in (1) 
above must be proven to be (a) a necessary quality 
characteristic for satisfactory service performance, or 
(b) some other characteristic which is measurable by 
nondestructive techniques, and which has been proven 
to correlate with a necessary quality characteristic. 
The correct choice of a proven correlation cannot be 
overemphasized, and should be made through cooper- 
ative effort between competent design and materials 
engineers. 

3. The method should be synchronized, insofar as 
it is possible to do so, with the manufacturing opera- 
tion. This is necessary if the greatest economic ad- 
vantage is to be realized from the nondestructive na- 
ture of these tests. Synchronization, as it is here re- 
ferred to, implies the application of the method as 
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early in the manufacturing process as is feasible. For 
example, methods of detecting subsurface or internal 
flaws should be applied as soon after breaking the 
casting out of the mold as is convenient for handling. 
Thus rejectable material will be detected before any 
subsequent labor can be wasted thereon. Surface in- 
spection methods should be applied only to surfaces 
which are significant in the finished product. There 
is no point in detecting surface flaws on a rough 
casting and subsequently machining to provide a new 
surface that must also be examined. The surface ex 
amination in such a case should be withheld until 
the final approximate surface is established. 

Probably, the greatest errors of commission or omis- 
sion in inspection operations do not directly concern 
the test methods or the equipment, but frequently 
reflect on them in such a way that either the method 
or the equipment is held unreliable. These errors 
revolve around the decisions regarding acceptance or 
rejection of material examined. Frequently, accep- 
tance standards which can be used as a guide in mak- 
ing the decisions based on test results, are entirely 
forgotten in the process of writing a specification. If 
not forgotten, standards which have no basis founded 
on a required quality characteristic, may be supplied. 
In the former case, test equipment operators, not suf- 
ficiently qualified to do so, are forced to make “on 
the spot” decisions regarding the acceptability. In 
the latter case, unjustified rejections or dangerous ac- 
ceptances may result. The fault, in either case, is the 
failure to recognize that the setting of acceptance lim- 
its or the making of decisions in the absence of estab- 
lished standards is a high level engineering problem, 
and must be handled by expertly qualified engineers 
who are familiar with every important detail of serv- 
ice performance and the product quality required 
thereby. 

The mishandling of reliable inspection data or the 
procurement of reliable but irrelevant data because 
of an incorrect choice of test method should not be 
blamed on the method or its associated equipment. 
It is believed that the careful consideration of the 
factors discussed in this paper can greatly reduce the 
expense of wasted man-hours and unnecessary rejec- 
tions, which can result from the misuse or improper 
choice of nondestructive testing equipment. 
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PRECOAT MATERIALS FOR 
INVESTMENT CASTING 


By 


Wm. F. Davenport, Ist Lt. USAF and Adolph Strott* 


ABSTRACT 


This project was initiated to evaluate the more plentiful cer- 
amic oxides which offer a possibility of use as a precoating 
material in the investment casting process. Various ceramic ox- 
ides, alumina, silica, zirconium silicate, and magnesia were in- 
vestigated as possible precoating materials for the precision 
casting process. These materials were evaluated by casting a 
heat-resistant alloy, a stainless steel, and an alloy steel into the 
precoated mold. The castings were examined to determine the 
best precoating material for each alloy cast. The precoats were 
evaluated on the basis of precoat adherence, surface smooth- 


ness, and degree of oxidation. The most satisfactory materials 


for use as precoats were found to be of the alumina-silica 
composition. 


Introduction 


PRODUCTION OF SMOOTH SURFACES is one of the 
more pronounced advantages of the precision invest- 
ment casting process. To obtain a smooth surface on 
the casting, the mold material in contact with the 
cast metal must have a very fine particle size. There 
are two ways of insuring that the material lining the 
cavity will be of sufficient fineness to produce a 
smooth surface: (1) The use of an investment material 
which is composed wholly of fine particles, or (2) 
Coating of the disposable pattern with a thin layer 
of fine particles before surrounding it with an in- 
vestment. 

At the present time the authors know of no one-step 
investment, one which is composed entirely of very 
fine particles, that is used commercially for alloys 
melting over 2000 F. Until such an investment is de- 
veloped it will remain necessary to precoat patterns 
prior to investing. 

At the present time, silica flour is the most com- 
monly used precoating material. However it has cer- 
tain disadvantages, the most important of which is 
that it reacts with some metals, and has no effect on 
inhibiting the formation of oxide on the casting. 

Therefore, it was felt that it would be worthwhile 
to undertake a study of possible precoat materials 


* Materials Laboratory, Air Materiel Command, Wright-Pat- 
terson Air Force Base, Dayton, Ohio. 
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with an aim toward the development of more satis- 
factory coatings than those in current use. 

On the basis of present knowledge it was decided 
that the ideal precoat would have the following prop- 
erties: (1) Simplicity in preparation, (2) Economy in 
material costs, (3) Physical and chemical inertness, 
(4) Resistance to thermal cracking, and (5) Adher- 
ence of reaction products, if any, to the investment 
rather than the casting. 


Experimental Work 


The ceramics selected as possible precoat materials 
were chosen on the basis of refractory properties and 
reasonableness in cost. The materials finally selected 
by the above criteria were silica, alumina, zirconium 
silicate, and magnesia. They were acquired as com- 
mercially-milled flours finer than 150 mesh. (See Table 
| for their properties, and sources). 

The normal practice used in most commercial 
shops making precision investment castings of alloys 
melting over 2000 F was followed very closely. This 
practice consists of making a wax replica, and then 
cleaning it in a solvent, such as acetone, by dipping. 
When the pattern has dried, it is dipped into the 
previously prepared precoat slurry until a coating of 
desired thickness is built up. The coating thickness 
to be used will depend on the producer's previous ex- 
perience. Some producers prefer a relatively thin 
coating, two or three thousands of an inch thick, 
while others prefer a heavy coating three or four 
hundredths of an inch thick. 

Theoretically the precoat must be only thick 
enough to afford enough strength to withstand the 
erosion of the metal entering the mold, if the invest- 
ment surrounding it is sufficiently strong. By strong 
is meant that the investment is able to resist any de- 
formation which may occur during casting, or pre- 
vious handling of the mold. Most known investments 
more than meet this required property. A thin pre- 
coat will act physically as the back up investment 
material, while thick precoats behave as an entity in 
physical characteristics such as shrinkage, thermal 
shock resistance, etc. Since this work deals with pos- 
sible precoat compositions of untried ceramics it was 
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TABLE 1—MATERIALS USED FOR PRECOAT INVESTIGATION 








Ceramics Apparent Density Average Grain Size Delivered By 
Alumina 1.15 g/cc 1.5 I. ‘T. Baker Chemical Co., Phillipsburgh, N. J. 
Silica ; 1.64 g/cc 5 Ransom and Randolph Co., Toledo, Ohio 
Magnesia 0.55 g/cc 1 City Chemical Corp., New York 11, N. Y. 
Zirconium Silicate 2.70 g/cc 2 
Silica Sand 1.62 g/cc 40 mesh Ransom and Randolph Co., Toledo, Ohio 
Investment I. C. 711-G1 Ransom and Randolph Co., Toledo, Ohio 
Chemicals From 


Sodium Silicate 
Amend. -1, Class A 


(AAF Stock No. 8500-880000) 


Polyvinyl Alcohol Low viscosity—Type B 
Grade RH-393 


Casting Alloys 


Stainless Steel 302 Specification AN-S-771, 
Composition, G, Round 
A. IL. S. I. 4340 


Approximate Analysis 


Alloy Steel 
Heat Resistant Type Alloy 


20% Cr, 40% Ni, 5% C, 5% Si, 


1.0% Mn, Bal. CO 


U. S. A. Specification 4-1035A 





Industrial Distributors, Inc., New York 29, N. Y. 
E. O. DuPont de Nemours & Co., Niagara Falls, 
N. Y. 

USAF Stock 

USAF Stock 


Scrap from Materials Laboratory Alloy Develop- 
ment Program 





thought best to use a heavy precoat of approximately 
two hundredths of an inch. 

It was known from previous work that the addi- 
tion of 40-mesh silica sand to the precoat mix as a 
filler helped in the prevention of shrinkage, and in- 
creased the thermal shock resistance. This work con- 
sisted of making different percentage additions of 40- 
mesh silica sand to precoat mixes. The results showed 
that a 13 per cent by volume addition to the fine 
material produce the optimum in results from the 
standpoint of thermal shock resistance, shrinkage and 
the maintaining of a smooth surface. This sand was 
added to the dry ceramic flours, and mixed prior to 
the preparation with the liquid binders of the dip 
slurry. 

It was necessary to conduct some preliminary ex- 
periments to determine the most suitable binder for 
each material to be investigated, for possible use as a 
precoat. These experiments showed that a 20 deg 
Baume sodium silicate solution could be used for 
most of the materials investigated, silica, magnesia, 
and zirconium silicate as a binder, and it was satis- 
factory as a suspension agent. However, it was found 
that when alumina was mixed with sodium silicate 
solution it coagulated. Therefore another binder had 
to be found for use with alumina. A 2 per cent 
polyvinyl] alcohol solution was found to be satisfactory 


as a binder and suspension agent for it. Further in- 
vestigation showed that zirconium silicate could also 
be prepared with polyvinyl alcohol, but silica and 
magnesia could not, because they coagulated when 
added to the binder. 

The aforementioned results indicate that if alumina 
is to be prepared with any material] other than zir- 
conium silicate it will be necessary to prepare the 
alumina with polyvinyl alcohol and the other material 
with sodium silicate separately. The materials after 
preparation with their different binders may then be 
mixed together to produce a dip coat slurry. In Table 
2 is shown the compositions prepared and evaluated, 
also the amount of ceramic, filler sand, and binder 
used for each sample precoat preparation. The 
amount of binder added was not critical, the govern- 
ing factor in the addition of binder was the forma- 
tion of a slurry of the desired consistency. To all the 
compositions, 13 per cent by volume of sand (40- 
mesh silica) was added prior to mixing with the liquid 
binder. 

The method used in preparing the alumina-silica 
series of compositions was as follows: First the sand 
addition of 13 per cent by volume was made to both 
the alumina and silica. Then the silica portion was 
mixed with the sodium silicate solution (20 deg Be) 
and the alumina was mixed with the polyvinyl alcohol 


TaBLE 3—COMPOSITION OF SILICA-ZIRCONIUM SILICATE—ALUMINA PRECOATS 





Amount of Binder 











Amount of Ceramics, grams (cc) 

Compositions, % Sand* Zirconium Sand* Alumina Sand* Sodium Polyvinyl 

No. Silica Zirconium Silicate Alumina Silica Silicate Silicate Alcohol 
%we %?Vol YZwWt YVol YZwt FY%Vol 20° Be 2% 
61 29.8 33.3 49.0 33.3 21.2 33.3 44.7 9.7 73.5 9.7 31.8 9.7 43.5 33.5 
62 24.5 25.0 40.5 25.0 35.0 50.0 36.75 8.0 60.8 8.0 52.5 16.0 35.5 55.0 
63 15.4 17.7 59.0 41.2 25.6 41.2 23.1 5.0 88.5 11.7 38.4 11.7 38.5 40.0 
64 13.9 15.0 53.1 35.0 33.0 50.0 20.9 4.5 79.6 10.5 49.5 15.0 34.5 52.0 
65 18.0 23.0 69.2 54.0 12.8 23.0 27.0 5.9 103.8 13.7 19.2 5.9 45.5 20.0 


* Sand Addition—The sand (40-mesh silica) addition to all material was 13% by volume. 


Sand addition to silica = 21.7% by weight 
Sand addition to zirconium-silicate — 13.2% by weight 
Sand addition to alumina = 30.4% by weight 
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‘TABLE 2—CoMPOSITION OF PRECOAT MATERIALS INVESTIGATED 





Amount of Binder 





(cc) 
Sodium Polyvinyl 
Composition (%) Amount of Ceramics (grams) Silicate Alcohol 
Zirconium 20° Be 2% 
No. Silica Alumina Zirconium Magnesia Silica Sand* Alumina Sand* Silicate Sand* Magnesia Sand* Solution Solution 
Silicate 
Silica - Alumina Compositions 
0 100 ae 120 26.1 os - 52 e 
w ; 100 e x. 120 36.5 me 125 
il 10 90 12 2.6 108 32.8 5 112 
12 20 80 24 5.2 96 29.2 10.5 100 
13 = 30 70 36 7.8 84 25.5 15.5 87.5 
14 40 60 48 10.4 72 21.7 21 75 
15 50 50 72 15.6 72 21.7 $1 50.5 
16 60 40 84 18.2 56 17.0 37 47.5 
17 70 30 84 18.2 36 10.9 37 37.5 
18 80 20 96 20.8 24 7.3 42 25 
19 90 10 108 23.4 12 3.7 47 12.5 
Silica - Zirconium Silicate Compositions 
ee 100 e 200 26.4 30 34 
21 +10 90 20 4.3 180 23.8 40 31 
22 «20 80 38 8.2 152 20.0 39 30 
23-30 70 54 11.7 126 16.6 36 30 
24 48640 60 68 14.8 102 13.5 35 30 
25 850 50 80 17.4 80 10.5 35 24 
26 660 40 90 19.5 60 8.0 39 18 
27 70 30 98 21.3 42 5.5 43 13 
23280 20 104 22.6 26 3.4 45 8 
2 «690 10 117 25.4 13 1.7 51 4 
Silica - Magnesia Compositions 
em « 100 is = 75 48.8 150 
31 = 10 90 8.5 1.8 75 48.8 154 
32. 20 80 19 4.1 75 48.8 158 
33 30 70 $2 7.0 75 48.8 164 
340 40 60 50 10.8 75 48.8 172 
35 450 50 50 10.8 50 $2.5 122 
36 = 60 40 75 16.3 50 32.5 133 
37.70 30 117 25.4 50 $2.5 151 
38 80 20 120 26.0 30 19.5 112 
39 9 10 135 29.3 30 19.5 119 
Alumina - Magnesia Compositions 
40 a 100 an - 75 48.8 150 
41 10 90 8.5 2.5 75 48.8 150 9 
42 20 80 19.0 5.7 75 48.8 150 20 
43 30 70 32.5 9.8 75 48.8 150 34 
44 40 60 33.5 10.0 50 32.5 100 35 
45 50 50 50 15.2 50 $2.5 100 52 
46 60 40 45 13.7 30 19.5 60 47 
47 70 30 70 21.3 30 19.5 60 73 
48 80 20 60 18.3 15 98 30 63 
49 90 10 67.5 20.5 15 9.8 30 60 
Alumina - Zirconium silicate Compositions 
50 100 Bs 36.5 - ‘ee = 125 
51 90 10 120 36.5 13.5 1.8 4.5 125 
52 80 20 110 33.4 27.5 3.6 9 115 
53 70 30 95 28.9 41 5.4 13.5 99 
54 60 40 80 24.3 53.5 7.0 17 83.5 
55 50 50 60 18.2 60 79 19.5 62.5 
56 40 60 50 15.2 75 9.9 24 52 
57 30 70 40 12.1 93 12.3 30 42 
58 20 80 30 9.1 120 15.8 39 31 
59 10 20 6.1 180 23.8 58 21 


*Sand Additions—The sand (40-mesh silica) addition to all materials was 13% by volume 
Sand Addition to Silica 
Sand Addition to Alumina 


21.7% by weight 
30.4% by weight 


13.2% by weight 
65% by weight 


Sand Addition to Zirconium-silicate 
Sand Addition to Magnesia 








solution (2 per cent). Both slurries were allowed to 
stand for approximately one-half hour to allow any 
entrapped air to escape and to make vacuuming un- 
necessary. The two slurries were then added together, 
and stirred until the resulting slurry was uniform. 
As the slurry was stirred it became thicker, approach- 
ing a gel. This resemblance to a gel was probably due 
to the polyvinyl alcohol going out of solution in very 
fine, almost colloidal size, particles, and these par- 


ticles being interlaced with each other in an arrange- 
ment resembling a veil or spider web. This reaction 
described is ideal for precoat preparation in that the 
particles will be properly suspended so that continu- 
ous mixing is not necessary to prevent settling, or 
separation due to varying weights, and densities of 
the particles. 

In those compositions where polyvinyl alcohol 
could be used together with sodium silicate as the 





Fig. 1—Cast specimens of the 10, 20, 30 and 40 series 
of precoat compositions. The casting number is the 
and 41. A—26315-P 


binders, it was believed advisable to do this to gain 
the maximum in particle suspension. As an example 
zirconium silicate which could be prepared with 
either polyvinyl alcohol or sodium silicate was pre- 
pared with a 20-deg Be sodium silicate solution, while 
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second digit of the precoat mix number. Example: 
casting No. 1 contains specimens numbered 11, 21, 3/, 
; B—26314-P; C—26316-P. 


the alumina had to be prepared with a 2 per cent 
polyvinyl alcohol solution. In the silica-zirconium 
silicate series of compositions, zirconium silicate was 
prepared with a 2 per cent solution of polyvinyl al- 
cohol, and the silicate had to be prepared with sodi- 
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Fig. 2—Cast specimens of the 50 and 60 series of pre- 
coat compositions. A-26559-P; B—26458-P; C-—26460-P. 


um silicate. Although the combination of two types 
of binders in one composition complicated the mix- 
ing procedures, it was worthwhile, because even 
though the density of zirconium silicate is approxi- 
mately two times that of silica, the gel-like effect ob- 
tained when the two slurries with different binders 
were mixed together prevented any separation or 
settling of the particles. 

The silica-zirconium silicate compositions were 
mixed in the same manner as the previously dis- 
cussed alumina-silica group of compositions except 
zirconium silicate was prepared with polyvinyl alco- 
hol and the silica with sodium silicate. 

The silica-magnesia series of compositions was pre- 
pared as follows: The magnesia and silica after the 
sand addition was made were dry mixed and added 
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to the required volume of sodium silicate solution. 
The mix was then stirred to produce a uniform slur- 
ry. This group could not be prepared with both 
binders, polyvinyl] alcohol, and sodium silicate, be- 
cause of coagulation, but the slurry was satisfactory 
for dip coating. 

The alumina-magnesia compositions were pre- 
pared in the same manner as described for the alum- 
ina-silica series. The magnesia being prepared with 
sodium silicate, while alumina had to be prepared 
with polyvinyl alcohol. 

The alumina-zirconium silicate compositions were 
prepared as described for the alumina-silica series. 
The zirconium silicate was prepared with sodium sili- 
cate, while the alumina had to be prepared with 
polyvinyl alcohol. 

An additional series of compositions, silica-alumina- 
zirconium silicate was made because the results on 
the previously described compositions showed evi- 
dence of a volumetric relationship. This relationship 
indicated that the compositions where the ceramics 
were in the ratio of one to one to each other were the 
best precoats. Therefore in this series the compositions 
were prepared so that the constituents would be in 
the approximate ratio of 1:1:1, or 1:1 of the sum of the 
other two, or 1:1 with a small addition of the third 
constituent. Table 3 shows the compositions, pe 
cent by volume, and weight, also the amounts of cer- 
amics, filler sand and binder used for each sample 
precoat preparation. In this group, zirconium silicate 
and silica were dry mixed with their sand additions 
and prepared together with sodium silicate. The 
alumina was mixed with its sand addition and pre- 
pared with polyvinyl alcohol. The slurries were then 
mixed together as described in the preparation of the 
alumina-silica compositions. 

The wax patterns, consisting of specimens | in. by 
21% in. by %¢ in. attached to sprues, were cleaned by 
dipping in acetone. When dry, three patterns were 





Fig. 3—Alumina-silica No. 5 precoat prepared with 
polyvinyl alcohol and sodium silicate solutions in the 
ratio of 10 to 2.5. 1. Heat resistant alloy casting; 
2. Stainless steel casting; 3. Alloy steel casting. 
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TaBLe 4—RESULTS OF PRECOAT COMPOSITIONS INVESTIGATED 
No. Composition, % Heat Resistant Type Alloy Stainless Steel Alloy Steel 
Ceramic Surface Surface* Ceramic Surface Surface* Ceramic Surface Surface* 


Adhered? Oxidation? Smoothness Adhered? Oxidation? Smoothness Adhered? Oxidation? Smoothnes: 





Silica-Alumina Compositions 

0 100 silica Some Yes Good Some Yes Good No Yes Good 
10 100 akumina Yes Yes Poor Yes Yes Poor No Yes Fair 
11 10 silica-90 alumina Yes Yes Poor Yes Yes Poor Some Yes Fair 
me Mle _ Yes Yes Poor Yes Yes Poor Yes Yes Fair 
So. 2 ”* PR 2g Yes Yes Poor Yes Yes Poor Some Yes Poor 
i ee | af Yes Yes Poor Some Some Poor Some Yes Poor 
5 50 60”~=és« B50 2 Yes Yes Fair Some Some Poor No Yes Fair 
16 60 ” 40 < No Edge Re- Good No Some re- Fair No Yes Fair 

oxidation oxidation 

: Aare. No Reoxidation Good No 5 Good No Yes Good 
18 80 ” 20 Some Some Fair No " Good No Yes Good 
19 90 10 Yes Yes Fair Some Yes Fair No Yes Good 

Silica-Zirconium Silicate Compositions 
20 100 zirconium silicate No Yes Good No Yes Fair Yes Yes Poor 
21 10 silica-90 zirconium silicate No Yes Good No Yes Fair Some Yes Fair 
_ Fed “; No Yes Good No Yes Fair Some Yes Fair 
mo." B® * No Yes Fair Yes Yes Poor No Yes Fair 
24 40 ” 60 i No Yes Fair No Yes Poor No Yes Good 
Ss 53 |” «C50 3 No Yes Good No Yes Fair No Yes Good 
26 60 ” 40 ° Some Yes Good No Yes Poor No Yes Good 
- a -*, ‘0 Yes Yes Poor No Yes Fair No Yes Good 
se ” @ + Yes Yes Poor Some Yes Good No Yes Good 
29 90 10 “3 Yes Yes Poor Some Yes Good No Yes Good 
Silica-Magnesia Compositions 
30 100 magnesia Yes Yes Poor Yes Yes Poor Some Yes Fair 
31 10 silica-90 magnesia Yes Yes Poor Yes Yes Poor Yes Yes Poor 
ie | - Yes Yes Poor Yes Yes Poor Yes Yes Poor 
$ 30 6” «70 si Yes Yes Poor Yes Yes Poor Yes Yes Poor 
34 40 =6©”=«=«60 3 Yes Yes Poor Yes Yes Poor Yes Yes Poor 
35 50 ” 50 se Yes Yes Poor Yes Yes Poor Yes Yes Poor 
36 60 ” 40 a Yes Yes Poor Yes Yes Poor Yes Yes Poor 
i aia 3 Yes Yes Poor Some Yes Poor Yes Yes Poor 
$8 86 ”" 20 Yes Yes Good Some Yes Good No Yes Fair 
39 90 ” 10 2 Yes Yes Good Some Yes Fair No Yes Fair 
Alumina-Magnesia Compositions 
40 100 magnesia Yes Yes Poor Yes Yes Poor Some Yes Fair 
41 10 alumina-90 magnesia Yes Yes Poor Yes Yes Poor Yes Yes Poor 
42 20 a 80 4 Yes Yes Poor Yes Yes Poor Yes Yes Poor 
43 30 . 70 , Yes Yes Poor Yes Yes Poor Yes Yes Poor 
44 40 af 60 i Yes Yes Poor Some Yes Poor Yes Yes Poor 
45 50 ¥ 50 ‘ Yes Yes Poor Some Yes Poor Yes Yes Poor 
46 60 . 40 # Some Yes Poor Some Yes Poor Yes Yes Poor 
47 70 cs 30 = Some Yes Poor Some Yes Poor Yes Yes Poor 
48 80 e 20 és Some Yes Poor Some Yes Poor Yes Yes Poor 
49 90 ¥ 10 - Some Yes Poor Some Yes Poor Yes Yes Poor 
Aluminia-Zirconium Silicate Compositions 
50 100 alumina Yes Yes Poor Yes Yes Poor No Yes Fair 
51 90 alumina-10 zirconium Yes Yes Poor Yes Yes Poor No Yes Good 
silicate 

52 80 = 20 ‘3 Yes Yes Poor Yes Yes Good No Yes Good 
53 70 “ 30 a Yes Yes Poor Yes Yes Good No Yes Good 
54 60 - 40 i Yes Yes Poor Yes Yes Good No Yes Good 
55 50 “7 50 - Yes Yes Poor Yes Yes Good Yes Yes Good 
56 40 os 60 ” Yes Yes Poor Yes Yes Good Yes Yes Good 
57 30 ns 70 “d Yes Yes Good Some Yes Good No Yes Good 
58 20 sp 80 ig Some Yes Good Some Yes Fair Yes Yes Good 
59 10 . 90 ad No Yes Good Some Yes Good No Yes Good 


* System used for grading surface smoothness was as follows: 








Grade Profilometer Reading (RMS Units) 
Good Less than 100 

Fair 100 to 200 

Poor Greater than 200 





precoated, by dipping, per composition. It was neces- 
sary in order to fully evaluate each precoat composi- 
tion to prepare three specimens of each, one for each 
alloy to be cast, a heat-resistant type, a stainless steel, 
and an alloy steel. When the precoat had set, it was 
waterproofed by dipping in Tygon paint. On drying 
the patterns were assembled in groups of three or 
four different compositions to a wax-coated plate by 
welding. The reason for assembling in groups was 


economy in use of investment. The investment ma- 
terial (Ransom and Randolph’s IC-711-Gl) was pre- 
pared with water according to the maker’s directions 
and slip cast into flasks surrounding the assembled 
patterns. 

When the investment had set, the wax-coated plates 
were removed from the molds, and the molds placed 
in the wax melt-out oven overnight at a temperature 
of 180 F for wax removal. The following morning 
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ihe molds were transferred to the firing furnace where 
the temperature was slowly increased to 1600 F. At 
this temperature they were allowed to soak for sev- 
eral hours to insure that all organic material had 
been oxidized. 

A stainless steel (Type 302) and alloy steel (4340) 
and a heat resistant-type alloy (this alloy was com- 
posed of scrap from the alloy development program, 
and had an approximately analysis of 20 per cent Cr, 
10 per cent Ni. 0.5 per cent C, 0.5 per cent Si, 1.0 per 
cent Mn and balance Co), were melted by induction 
heating and poured by gravity into the molds. Sev- 
eral 5-lb heats were made of each alloy. Chemical 
analysis was not taken on the various heats because 
the stock was the same and melting conditions were 
constant for all melts. Pouring rates were also con- 
trolled, by having one melter make all castings. 

The mold temperature used for all casting was 1600 
F, and the pouring temperature was approximately 
2700 F plus or minus 50 F as measured by optical 
pyrometer, for all alloys except the alloy steel (4340) 
which was poured at approximately 2850 F plus or 
minus 50 F. The alloy steel castings poured in the 
first group (Fig. 1C) exhibited gas holes, probably 
due to insufficient deoxidation. However, the surface 
condition was such that it could be used for precoat 
evaluation. A silicon addition of 0.5 per cent was 
made to the second group of alloy steel castings (Fig. 
2C). This melt produced sound castings. Therefore 
the assumption that the large holes in the first group 
were due to insufficient deoxidation was believed cor- 
rect. 

Each precoat was evaluated for its reaction with 
the aforementioned alloys on the basis of precoat ad- 
herence, surface smoothness, and degree of oxidation. 
The results were ebtained by visual examination of 
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each casting in the as-cast condition. The castings 
were examined as they came from the investment 
mold for precoat adherence, surface oxidation, and 
surface smoothness prior to any type of finishing 
operation. Questions regarding ceramic adherence 
and surface oxidation were answered, and are in- 
cluded in Table 4. Each casting was examined for 
surface smoothness, and given a grade of good, fair, 
or poor. Profilometer readings of representative cast- 
ings of each grade were taken to give the reader a 
value to compare with the grades. Figures 1 and 2 
are photographs of the castings on which the afore- 
mentioned macroscopic examinations were made. 

An analysis of the results, as tabulated in Table 4, 
indicated that the alumina-silica group of composi- 
tions in the range from 60 per cent silica—40 per cent 
alumina, to 90 per cent silica—10 per cent alumina of- 
fered the most promise of fulfilling the requirements 
for the ideal precoat as set forth in the introduction 
of this report. However the mixing procedure for 
these compositions is involved. Therefore it was 
thought advisable to conduct some additional experi- 
ments to attempt to develop a one-solution binder, 
which would give the same suspension and binding 
characteristics as the separate solutions of polyvinyl 
alcohol, and sodium silicate when used as previously 
described for alumina-silica precoat preparation. 

The precipitation of polyvinyl alcohol in the pres- 
ence of the silicate ion prevented the mixing of the 
two solutions in all proportions. However, it was 
found that a stable solution of the two could be made 
in the ratio of 2.5 parts sodium silicate solution (20 
deg Be) to 10 parts polyvinyl alcohol solution 2 per 
cent. This binder solution was evaluated by pre- 
paring precoats and making castings. The composi- 
tion selected for binder evaluation was 62.5 per cent 


TABLE 5—RESU!I Ts OF SILICA-ZIRCONIUM SILICATE—ALUMINA PRECOAT COMPOSITION 











No. Composition (% vol.) Heat Resistant Type Alloy Stainless Steel 
Silica Zirconium Alumina Ceramic Surface Surface* Ceramic Surface Surface* Ceramic Surface Surface* 
Silicate Adhered? Oxidation? Smoothness Adhered? Oxidation? Smoothness Adhered? Oxidation? Smoothness 

61 33.3 33.3 33.3 No Some re- Good Yes Yes Poor No Yes Good 
oxidation 

62 25 50 25 Some Little Fair Yes Yes Poo Some Yes Fair 

63 17.7 41.2 41.2 Some Some re- Fair Yes Yes Poor No Yes Fair 
oxidation 

64 15 50 35 Some = Fair Yes Yes Poor Yes Yes Fair 

65 23 23 54 No Edge oxi- Good Yes Yes Poor No Yes Fair 

dation 


* The system used for grading surface smoothness was as follows: 


























Grade Profilometer Reading (RMS Units) 
Good less than 100 
Fair 100 to 200 
Poor Greater than 200 
TABLE 6—ALUMINA-SILICA PRECOAT PREPARED WITH DIFFERENT BINDER SOLUTIONS 
Composition, % Amount of Ceramics (grams) 
No. Silica Alumina Silica Sand* Alumina Sand* Sodium: Silicate Polyvinyl! Alcohol Sodium Silicate / Polyvinyl Alcohol 
20° Be (2%) 20° Be / (2%) = 25/10 
70 625 37.5 93.75 204 5625 17. a 58.5 
71 62.5 37.5 93.75 20.4 56.25 17.1 ve 99 
72 62.5 $7.5 93.75 20.4 56.25 17.1 88 fa 
73 62.5 37.5 93.75 20.4 56.25 17.1 80.5 


*Sand Addition—The sand (40-mesh silica) addition to all material was 13% by volume. 


Sand Addition to Silica —21.7% by weight 
Sand Addition to Alumina—30.4% by weight 








silica—37.5 per cent alumina. This composition was 
prepared with various binders as shown in Table 6. 
First with separate solutions of sodium silicate and 
polyvinyl alcohol as described for the preparation of 
the alumina-silica series of compositions, secondly 
with polyvinyl alcohol alone, thirdly with sodium sili- 
cate, and fourth with the stable solution of sodium 
silicate and polyvinyl alcohol in the ratio of 10 to 25 
by volume. 

The results of this experiment show that a com- 
bination of polyvinyl alcohol and sodium silicate 
solutions in the ratio of 10 to 2.5 can be used as a 
binder. A photograph of the castings is shown in 
Fig. 3. The use of this new binder solution will elmin- 
ate one mixing step in the preparation of alumina- 
silica precoats. It is now possible to dry mix the 
ceramics, and add them directly to the binder, and 
stir to produce the dip-coat slurry, which will produce 
results comparable to those obtained when the ma- 
terials were mixed separately. 


Discussion of Results 


Preliminary observation of the castings, produced 
to study the effect of different precoat compositions, 
showed that no one precoat composition of those in- 
vestigated filled the role of the ideal precoat for all 
the alloys cast. Therefore the castings were com- 
pared in alloy groups so that the most satisfactory 
precoat compositions could be selected for each alloy 
cast. The criteria for examination were precoat ad- 
herence, surface smoothness, and degree of surface 
oxidation. 

Examination of the heat-resistant alloy castings in- 
dicate that compositions, No. 16 (60 silica—40 alum- 
ina) and 17 (70 silica-30 alumina) yielded the best 
results for this alloy. These compositions produced a 
smooth, shiny, oxide-free surface on the casting. The 
compositions of No. 16 and 17 are similar to the pre- 
coat alumina-silica No. 5 (62.5  silica—37.5 alum- 
ina previously reported by the authors in USAF Tech- 
nical Report No. 5925. 

In the case of the stainless steel castings it was 
found that composition No. 17 (70 Silica-30 alum- 
ina) was the most satisfactory, producing a casting 
with a smooth surface, and little surface oxide present. 
However, compositions No. 16 (60 silica—40 alumina) 
and 18 (80 silica-20 alumina) should not be over- 
looked, because they also produced castings with very 
good surfaces. 

Precoat compositions No. 18 (80 silica—20 alumina) 
and 19 (90 silica—10 alumina) were found to be super- 
ior to the other compositions for use with alloy steel 
casting. These castings were very smooth, but the ox- 
ide layer was of the tightly adhering type rather than 
the scale-like layer obtained with the standard silica 
precoating. However, this oxide can be removed in 
the usual manner by a blasting operation, or chemical 
treatment. 

The probable reason for the beneficial effect of 
alumina-silica precoat in minimizing surface oxida- 
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tion, and adherence of coating to castings of stainles: 
steel, and heat treatment alloys, may be due to the 
following mechanism: When the molten metal (ap 
proximately 2700 F) is cast against the precoat a rea 
tion takes place to produce a glass. This glass absorb. 
by diffusion the surface oxide, which has been forme: 
by reaction of the metal with the oxygen containe: 
in the mold cavity, forming a slag. The differentia 
contraction rates of the metal and slag would then 
account for the lack of adherence, because as the mold 
cools to room temperature the casting contracts at 4 
much faster rate than the coating, and therefore thx 
casting and the precoat part. The casting consequent 
ly can be taken from the mold without precoat ad- 
herence, and with only the oxidation which may hav: 
occurred after the separation of the casting and pre- 
coat. 

The other materials investigated, zirconium silicate. 
and magnesia, did not show as promising results as 
the combination of alumina and silica. However, th« 
zirconium silicate coatings produced results compa)- 
able to the standard silica precoat. Magnesia coat- 
ings were all very poor. This was probably due to 
the high shrinkage of the magnesia. The use of fused 
magnesia which has a higher apparent density might 
alleviate the aforementioned condition. 

Another observation of this work was that no pre- 
coats cracked during setting or firing. The explana- 
tion for this is believed to be related to the addition 
of 13 per cent by volume of 40-mesh silica. 


Conclusions 


Of the various ceramics, and preparation procedures 
investigated, alumina-silica precoats offer the most 
promise of fulfilling the requirements of the ideal 
precoat. The surface oxide on heat resistant alloy 
and stainless steel] castings is almost eliminated by the 
use of this precoat composition. In the case of alloy 
steels, the only improvement noted was that the sur- 
face oxide was of the tightly adherent type rathei 
than the scale-like layer found on castings when the 
standard silica precoat was used. 

Precoats of zirconium silicate were found to be com- 
parable to the standard precoat, while the magnesia 
compositions all produced poor results. 


DISCUSSION 


Chairman: J. A. RAssenross, American Steel Foundries, East 
Chicago, Ind. 

Co-Chairman: H. W. Dierert, Harry W. Dietert Co., Detroit. 

G. N. ZtecLer:* What back-up investment material did the 
authors use against these precoats? 

Mr. Strotr: We used silica sand back-up material. 

CHAIRMAN RASSENFOSs: Steel foundrymen strive to attain bette? 
surface finish and decrease metal penetration. What the authors 
used for these investment castings might have a possible use in 
that field. Do you think the results would still hold if the 
weight of the casting increased? 

Mr. Strotr: We believe the results would be similar on cast- 
ings weighing up to 50 Ib. 


' Engineer, The International Nic'el Co., Inc., Bayonne, N. ] 
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IMPORTANCE OF SLAG CONTROL IN 
BASIC CUPOLA OPERATION 


By 
R. A. Flinn and R. W. Kraft* 


ABSTRACT TABLE 1—COMPARISON OF OPERATIONS IN 314 CUPOLA 
LINED SUCCESSIVELY WITH ACID AND Basic MATE- 


The basic cupola is becoming of great importance because of 
RIALS FOR DucTILE IRON PRODUCTION 


the scarcity of pig iron for normal gray iron production and the 











growing need for low sulphur, high carbon base metal for duc- Acid Basic 
tile iron. The success of basic melting depends largely upon eth Lee Es) | mal Pane PY R od) Mare 
the control of the analysis and properties of the slag. The object Charge needed to pro- 
of this paper is to analyze previous equilibrium data for desul- duce 3.5% C iron: 40% Low P&Spigiron 60% steel 
phurization, dephosphorization and carburization as it affects 10% shop scrap 40% shop scrap 
these reactions in basic cupola operation. 20%, steel 

Sulphur removal depends upon the attraction of the slag for Sulphur Content 0.07 /0.09 0.02 
sulphur compared to the attraction of the metal expressed as: Phosphorus 0.07 /0.09 0.05/0.06 
%S slag/%S metal or more accurately, activity S slag/activity 
§ metal. The ratio, %, § slag/% S metal for 3.6 per cent C, 1.5 It should be evident from Table | that basic opera- 
per cent Si iron can be varied from 80:1 to 8:1 in basic cupola tion not only produces ideal hot metal for ductile 
seg. The best conditions ave obtsined with high basicity satio, iron, but also, in the case of standard grades of cast 
Ca0+2/3 MgO /SiO.+-Al,O,, and low iron oxide content. The : . . 
quantitative variation of this effect is discussed first from an 1ron, provides an answer to the shortage of high- 
equilibrium standpoint and then a nomograph for cupola oper- carbon melting stock such as pig iron and cast scrap 
ating conditions is presented. in high production periods, 

Phosphorus removal is expressed by the factor: 4CaO . P,O, Under these strong incentives many investigations 


slag/%P* metal. Best dephosphorization is obtained at high iron 
oxide content, a condition opposing optimum desulphurization 
and carburization. 


of improved basic practice are under way. In general, 
these are in two directions: (1) Improvement of patch- 


Carburization is normally greater with basic than with acid ing and lining materials such as the monolithic lining 
practice, probably due to the lesser adherence of slag to the installed with an air gun, (2) Water cooling of the 


coke and the use of more reducing slags. Iti ‘ thin ini " lini Whil 
Operating experiments indicate that a 60 per cent steel, 40 melting zone using a thin lining or no lining. ae 


per cent shop serap charge may be melted to provide 3.5 pei these studies will lead to cost reduction and greater 

cent carbon, 0.02 sulphur hot metal at 2750 F. facility of operation, the action of the slag will remain 
the key to analysis control and will be governed by 
the same fundamentals. 


IN ACID CUPOLA PRACTICE slag has generally been . . 
8 8 y It seems worthwhile then to summarize now our 


treated merely as a necessary evil. : l . 
mig he +g : z pt. as the — present knowledge of cupola slag and to show quanti- 
1as been sufficiently fluid anc > lowest p . ; : : 
, f ; ) ; } F - a nm A. snnscan tatively how the operation of a production cupola is 
volume, foundrymen have shown li nterest excep te, eal . . ‘tenia ae we 
tte reg" ee Se Ses Sarees affected by these principles. The discussion is divided 
in its disposal. : a» Gnceimes 
In sl trast, slag control is the heart of basic "| -Resctione he 
n sharp contrast, slag control is as ; : 
cupola sate “This nner an when sola -o Pen ese menreen slag ane metal governing de- 
I I - rhe is : I 8 sulphurization, dephosphorization and carburization. 
can refine while the acid cupola slag is usually only II-Slag control under operating conditions. 


an incidental in melting metal. In the basic method 
desulphurization or dephosphorization can be accom- 
plished while sulphur and phosphorus usually in- 
crease in the acid method. In addition, greater cai- 
burization can be accomplished with basic practice. 
[hese advantages are summarized in Table 1. 


In other words, the maximum refining power of a 
given slag and the mechanism of refining will be con- 
sidered first, along with a number of actual cupola 
slag-metal combinations. Secondly, the influence of 
the slag in production will be discussed. 


I—Reactions Between Slag and Metal 


* Metallurgical Department, American Brake Shoe Co., Mah- : Investigation under equilibrium conditions is the 
wah, N. J. simplest method to study slag-metal relationships. If 
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certain amounts of slag and metal are agitated under 
controlled conditions in a closed crucible, a point 1s 


reached where no further change in composition of 


either slag or metal occurs. The experiment may be 
repeated and duplicate results obtained. In contrast, 
the relationship of slag to metal analysis in a cupola 
may change simply if the number of shutdowns is 
changed. Equilibrium conditions permit, therefore, 
the pure study of the ultimate refining capacity of a 
given slag, unconfused by operating variables. This 
technique has been highly developed by Chipman and 
others over the past 20 years.': 2% 

Three reactions are of principal interest: desulphur- 
ization, dephosphorization and carburization. In each 
case the equilibrium data will be discussed first and 
then the cupola slag data. 


A—Desulphurization 


1. Equilibrium Conditions — Rocca, Grant and 
Chipman have demonstrated recently? that sulphur 
is removed from liquid metal by two mechanisms: 

1. The slag dissolves iron sulphide from the metal 
until equilibrium is reached, that is, the tendency of 
FeS to escape from the metal equals the tendency of 
the FeS in the slag to escape to the metal: 

(1) FeS metal & FeS slag 

2. Iron sulphide reacts with lime (CaO) at the slag 
metal interface producing calcium sulphide and iron 
oxide: 

(2) FeS + CaO & CaS + FeO 

If the iron oxide of the slag is already high, very 
little CaS can be found in the slag and reaction (1) 
predominates. 

Since the desired end result is sulphur in the slag, 
whether as FeS or CaS, the desulphurizing power may 
be expressed, after analyzing a given metal-slag com- 
bination for sulphur, as %S slag/%S metal. This 
ratio may vary from 400:1 to as low as 1:1.* 

What are the conditions affecting the desulphuriza- 
tion ratio? First of all, the ratio is not constant for a 
given slag if the analysis of the metal is changed. In 
other words, the activity of the FeS, its tendency to 
leave the metal, varies with metal analysis. For ex- 
ample, when carbon and silicon are high, as in cast 
iron, FeS fortunately has a greater tendency to leave. 
These effects are described by Hatch and Chipman! 
and Morris and Buehl.* In a 3.6 per cent C, 1.5 per 
cent Si cast iron, the ratio %S slag/%S metal with a 
given slag will be four times higher than for pure iron 
with the same slag. To compare data obtained with 
different metal analyses “%S metal” is multiptied 
therefore by the proper factor to yield the activity 


* The use of a ratio of this sort is simpler in evaluating slags 
since the relative weights of slag and metal are eliminated from 
consideration and may be substituted in later calculations. For 
example, assume that the average sulphur content of a scrap 
charge is 0.10 per cent and a final content of 0.02 per cent is 
desired in the metal. If equal weights of slag and metal were 
employed, a desulphurization ratio of 0.08/0.02 = 4 would be 
satisfactory if equilibrium were attained. If, for practical oper- 
ating conditions, only 5 lb of slag to 100 lb of metal were to be 
used, a desulphurization ratio of 80:1 would be required under 
equilibrium conditions. 
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“ag metal.” The ratio %S slag/ag metal obtained 
for different metal analysis with the same slag will 
then be constant and the action of the slag alone may 
be studied. 

The two principal factors affecting slag desulphur- 
ization are iron e@xide content* and _ basicity,* as 
shown in Fig. | by the data of Rocca, Grant and Chip- 
man. 
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Fig. 1—Effect of Slag Analysis on Desulphurization. 
(After Rocca, Grant and Chipman®). 


In the basic cupola both low iron oxide (below 2%) 
and high basicity may be obtained while in the acid 
cupola less basic conditions and sometimes more oxi- 
dizing conditions are encountered. The effect of iron 
oxide is shown clearly by Fig. 1 and the effect of vary- 
ing %CaO vs %SiOz in the slag is indicated by the 
excess base calculation. 

2. Desulphurization Under Operating Conditions 
—Slag and metal samples were taken simultaneously 
near the tap hole of a No. 3/44 Whiting cupola with a 
magnesite lining during a number of heats. Analyses 


* Iron oxide is computed from the chemical analysis as %FeO 
+ 0.9% Fe,O;. Per cent Fe,O, is adjusted by 0.9 to equalize 
the molar %O in Fe,O, with that in FeO. Free base is com- 
puted by the following steps: 

1. Determine basicity ranking: 

CaO + MgO 
b = ———————__ (molar per cents) 
SiO, + Al,O, 

2. When 0 less than 2.3, 

Bases (CaO, MgO) are assumed to combine with acids (SiO, 
and Al,O;) on a 1:1 molar basis. After CaO and MgO are used 
in proportion to their percentage to neutralize acids, the remain- 
ing CaO is considered free lime. 

3. When b is greater than 2.3, 

Bases (CaO, MgO) are assumed to combine with acids (SiO, 
and Al,O;,) on a 2:1 molar basis. Free lime is then residual 
CaO as in (2). 
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TABLE 2—SLAG-METAL COUPLES FROM 


Basic CUPOLA 

















Identi- Slag Analyses 
fication %CaO %MgO %Al,Os; %SiO, % FeO 
5005-1 39.50 16.30 8.15 32.35 1.61 
5007-1 50.60 9.15 8.75 28.30 0.60 
-2 48.80 18.60 5.15 22.60 1.10 
5008-1 28.80 17.70 12.70 37.00 0.81 
-2 28.70 29.30 7.70 25.30 2.95 
-3 25.40 31.90 7.35 27.70 3.60 
5009-1 38.90 17.00 9.40 31.60 0.80 
-2 41.10 19.45 8.50 28.60 0.88 
-3 45.10 16.00 7.15 28.10 0.73 
5010-1 46.20 8.80 12.80 29.00 1.10 
-2 42.30 13.15 13.10 29.60 0.73 
3 44.80 21.20 7.70 23.80 0.88 
5011-2 32.50 12.05 22.70 29.70 1.38 
-3 44.30 19.00 8.90 24.94 1.10 
} 42.30 22.50 6.20 27.40 1.97 
5 12.50 22.80 6.20 23.56 1.25 
5012-1 37.50 25.65 6.20 27.20 1.45 
-2 38.75 23.50 8.50 26.90 1.45 
5013-1 46.00 12.80 12.80 27.10 0.58 
-2 51.60 14.22 7.80 23.34 0.88 
-3 52.40 14.28 7.A5 23.10 0.88 
-4 52.30 13.12 7.10 24.76 0.65 
5014-1 15.35 9.66 17.27 23.88 32 
-2 18.82 11.30 14.61 23.22 0.59 
5015-1 48.00 10.32 15.06 23.64 1.03 
-3 49.50 11.25 13.40 23.15 0.73 
-4 50.00 11.56 12.90 23.00 0.66 
5 43.10 14.48 15.26 23.66 1.04 
5016-1 41.40 12.30 17.62 26.88 0.37 
-2 42.30 13.80 18.02 23.08 0.51 
-3 41.80 12.50 20.02 23.90 0.44 
5017-1 49.60 944 11.88 26.08 0.73 
-2 48.60 11.70 11.66 25.70 0.44 
-3 16.00 10.36 15.42 25.84 0.58 
5018-1 50.45 6.92 12.86 25.52 0.51 
-2 $8.65 11.60 11.30 25.62 0.37 
3 16.45 8.40 17.00 25.76 0.59 
5019-1 52.10 12.60 8.64 23.94 0.380 
-2 16.35 17.04 8.34 24.66 0.95 
3 12.95 17.24 8.96 27.48 0.88 
5101-1 42.90 14.80 10.54 29.28 0.81 
-2 44.35 8.62 14.42 29.28 0.59 
3 43.30 15.00 10.26 28.10 0.74 
5102-i 39.60 11.52 18.72 27.60 1.25 
-2 39.00 16.88 14.04 26.86 1.10 
-4 40.00 15.80 12.60 27.08 0.74 
5104-1 41.00 ; 17.60 10.54 28.90 0.66 
-2 44.15 11.88 14.66 27.50 0.52 
-4 43.95 15.50 11.16 27.18 0.66 
-5 13.60 17.61 10.06 27.92 0.44 
-6 43.30 16.90 10.90 27.66 0.59 
-8 40.85 18.20 9.74 28.00 0.81 
5105-1 34.60 19.96 9.86 33.72 1.25 
-2 35.60 22.70 8.22 31.80 0.88 
5106-1 38.20 18.80 10.02 30.92 1.39 
5108-1 36.45 19.25 14.08 27.60 1.55 
-2 32.30 28.30 7.88 27.96 1.62 
-3 31.75 28.40 8.06 28.06 1.70 
5109-1 40.20 17.95 10.14 31.26 0.52 
-2 $1.05 21.40 7.92 27.94 0.74 
-3 35.60 26.15 8.34 27.96 0.74 
5110-1 48.30 13.52 7.90 28.20 0.81 
-2 51.35 15.20 5.36 24.70 1.04 
-3 49.90 16.20 5.96 24.76 1.04 
-4 45.85 17.95 7.50 25.90 1.04 
dI11-1 51.00 15.10 6.40 24.86 1.18 
-2 49.55 17.40 5.70 24.30 1.33 
-3 46.00 19.55 6.36 ‘ 24.70 1.55 
-4 41.80 20.90 8.25 26.00 1.77 
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are given in Table 2 and details of the operation are 
discussed in Part II. 

The results were plotted in a number of ways in 
the attempt to determine the principal factors affect- 
ing desulphurization in the cupola. It is recognized 
that these slag-metal couples are not in equilibrium 
but, on the other hand, the same forces encountered 
in the equilibrium studies, such as degree of basicity 
and oxidation of the slag, should affect the °%S slag/ 
ag metal ratio. 






o 


% FeO + 9Fe,0, 
S 


Ratio- 
21016 


& 8 10 2 4 6 8 20 22 24 26 28 
Basicity 


Fig. 2—Effect of Slag Analysis on Desulphurization 
under Cupola Conditions. 


The most satisfactory method found is shown in 
Fig. 2 where the FeO and basicity are plotted for a 
given slag-metal couple and the degree of desulphuri- 
zation is shown by different symbols. It is evident 
that the best results are obtained at low FeO and high 
basicity. By contrast, the field of acid slags shows 
slight desulphurization. 

The basicity calculation is taken from Hatch and 
Chipman! dealing with blast furnace slags: Basicity 
= CaO + 2/3 MgO/SiO, + Al,O; (molar percent- 
ages). In the case of cupola slags, the data correlated 
better with this method than with the free base cal- 
culation previously referred to. This effect probably 
occurs because of the abrupt change in method of free 
base calculation in the middle of the cupola slag 
range. 

From this and similar plots a nomograph (Fig. 3) 
was developed by trial and error to fit the expeti- 
mental data. If any two of the following variables are 
known, the third may be predicted: FeO slag, basicity 
slag, %S slag/ag metal. For example, the nomograph 
indicates that at low basicity such as encountered in 
the acid cupola, i.e. below 0.9, the prospects of appre- 
ciable desulphurization are poor, even at the lowest 
FeO content found in the cupola (maximum possible 
ratio, °%S slag/ag, of 2). In contrast, the sample line 
on the nomograph indicates that even at a relatively 
high FeO content (2.2) in a moderately basic slag 
(1.8) the desulphurization ratio will be 3.9. Also, at 
FeO above 2.0 per cent, regardless of basicity, the 
ratio %S slag/ag metal will not exceed 8.5. This is 
borne out by basic open hearth practice where %S 


SLAG CONTROL IN BASIC CUPOLA OPERATION 


slag/S metal does not exceed 8 because of the FeO 
content of the slag. 
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The correlation of the nomograph with the 69 
samples is considered to be fairly good (Fig. 4) when 
it is realized that the samples were taken from the be- 
ginning and end as well as the middle of the heats and 
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Fig. 4—Accuracy of Prediction of Desulphurization 
Using Nomograph. 
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that many experiments in operating conditions were 
conducted, such as charge make-up, fluxes, blast vol- 
ume, type and size of coke, number of shutdowns, 
type of patching material and slag dam height. Tem- 
perature variations were also encountered. Although 
little effect on equilibrium conditions for desulphuri- 
zation is obtained with temperature, the variation in 
tluidity of the slag may be important. 

The correlation graphs, Fig. 4, indicate that with a 
viven FeO and basicity the desulphurization ratio may 
be predicted to + 32 per cent (standard deviation, 
i.e. 2/3 of samples). The distribution of variations is 
indicated in the lower graph of Fig. 4. 

The equilibrium data of Rocca have been analyzed 
with the nomograph and the astonishing result that 
desulphurization is poorer than in the cupola is ob- 
tained. This does not mean that conditions in the 
cupola are really better than equilibrium, but merely 
that the slag-metal couples taken at the spout are not 
in equilibrium. It is believed that the %S slag is 
higher than called for by equilibrium data for the 
following reasons: 

One source of sulphur in the slag is coke ash. These 
particles may fall into the slag and time may not per- 
mit an equilibrium between sulphur from this source 
and sulphur in the metal. 

Secondly, observations through the tuyeres show 
that pieces of calcium carbide work their way down 
through the bed. The falling globules of metal roll 
over this highly basic and reducing medium as well as 
over the incandescent coke surfaces. In this way the 
metal is subjected to a highly desulphurizing potential 
as it passes through the bed. The drops of metal final- 
ly pass through the slag layer, but again the path 
follows the most reduced portions along the coke sur- 
face. ‘Throughout its course, therefore, the metal is in 
contact with better desulphurizing agents than the slag 
with which it issues from the tap hole. It should be 
expected then that the resulting sulphur in the metal 
would be lower than anticipated from the analysis of 
the slag. 

In addition to pointing out that this nomograph 
does not represent equilibrium conditions, it should 
be apparent from the preceding discussion that the 
nomograph is characteristic of a particular basic cu- 
pola. For example, the use of a hot blast, a larger 
diameter cupola or other operating conditions will 
probably alter the relationship. The fundamental 
effect of FeO and basicity will be the same so that 
merely a correlation constant may be necessary to use 
the nomograph for another set of conditions, 


B—Dephosphorization 


1. Equilibrium Conditions—Phosphorus probably 
exists as Fe;P in the metal and as P.O; in the slag, 
in combination with basic oxides such as CaO and 
MgO. The problem then in phosphorus removal is to 
oxidize the P metal and to form a slag with high 
attraction for P.O;. The end result of the reaction 
may be summarized: 


2 FesP metal + 5 FeO metaleP.O; slag + 11 Fe metal 
Combined as 4 CaO - P.O; : 
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At equilibrium the balance consists essentially of 
phosphorus as calcium phosphate tending to be re- 
duced and leave the slag against phosphorus in the 
metal tending to be oxidized and enter the slag. 
Winkler and Chipman have derived the following 
equation to express these forces: 





K=— ‘4 CaO- P.O; slag 
(Constant) %P? x %O® x CaO* 
metal metal free in slag 


% signifies weight per cent while constitutents 
of the slag are expressed as molar per cent. 


The phosphorus distribution between slag and 
metal, or in other words the dephosphorizing power 
of a given slag, is going to depend upon the ratio of: 

4 CaO - P.O; slag 
% P)? metal 





Rearranging terms: 
4 CaO ms P.O; slag 
% P? metal 
%O5 x CaO* 
metal free in slag 





x K (a constant) 


Dephosphorization is therefore highly dependent on 
oxidation and basicity. The iron oxide content and 
basicity of the slag largely determine the oxygen con- 
tent of the metal® while the basicity of the slag gov- 
erns the free lime. (A certain amount of CaO, MgO is 
combined with silica and unavailable for reaction 
with phosphorus). These conditions are shown simply 
in Fig. 5 (from Winkler and Chipman). 


Rotio: —m 


of 100 
Ratio of 100 Temp. 2912 F _ 


2912F 


Mole % FeO 


12 17, Normal Operating Renge “7 
7 Cupole 4 





14 16 


Basicity 


Fig. 5—Effect of Slag Analysis on Dephosphorization 
(From Winkler and Chipman’) . 


2. Operating Conditions—It is evident that dephos- 
phorization is favored by high FeO in contrast to de- 
sulphurization. This condition also prevails under 
operating conditions as indicated by the slags ob- 
tained in the basic cupola under good desulphurizing 
conditions, Fig. 5. Dephosphorization can, however, 
be obtained in the cupola by using oxidizing condi- 
tions as shown by Carter.? Low temperatures also 
favor this reaction as shown by the equilibrium graphs. 
In general, this method is not used because of the 
lower metal temperatures, only slight desulphuriza- 
tion, and poor carburization. 
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C—Carburization 

Carburization is not a refining action in contrast 
te desulphurization and dephosphorization. It should 
be considered here, however, since it is related to the 
slag and is a marked advantage of the basic process. 
As in the cases previously discussed, equilibrium con- 
ditions and then operating data will be considered. 

1. Equilibrium Conditions—The carbon content of 
liquid iron in contact with carbon is determined prin- 
cipally by the temperature and the silicon content, as 
shown in Fig. 6. High temperature and low silicon 
develop maximum carbon content. Slightly different 
solubility lines may be drawn for iron-graphite and 
iron-iron carbide equilibria, but the differences are 
too small to consider here. 

2. Operating Conditions—If a cupola were operat- 
ing under equilibrium conditions with metal coming 
from the well at 2800 F and 1.5 per cent silicon, the 
carbon content should be over 5 per cent. Further- 
more, the carbon content of the charge should have no 
effect upon this equilibrium between liquid iron and 
coke at 2800 F. As an example of this tendency, low 
carbon (0.10 per cent C) steel punchings, can be 
heated with an excess of coke in an induction furnace 
to obtain practically any desired carbon content. A 
further example was encountered in melting 100 per 
cent steel charges in a 48-in. acid cupola—the carbon 
content of the first metal from the spout was 3.78 per 
cent. Furthermore, in blast furnace practice where 
carbon-free iron ore is charged, the pig iron will an- 
alyze 3.5 to 4.5 per cent carbon, depending upon tem- 
perature and silicon. The natural tendency of liquid 
iron in contact with coke is therefore to dissolve car- 
bon to the percentages of Fig. 6. 
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In acid cupola practice the metal is prevented fron: 
reaching high carbon levels, principally because o! 
the action of the slag. In the heat with 100 per cen: 
steel just referred to, the carbon content fell to the 
range 2.50 to 2.75 per cent as soon as appreciable 
quantities of slag were encountered. It is believed that 
the action of the acid slag is twofold. First, it pro 
duces an adherent protective coating on the top and 
sides of the coke. Second, the slag contains appreciab| 
amounts of iron oxide which oxidizes the carbon o! 
the metal. 

Under these conditions the metal does not reach 
equilibrium with the carbon of the coke and the cai 
bon content of the ingoing metal becomes a dominat 
ing factor. In this case, the formula suggested by 
Levi® is applicable. 

(T.C. = 244+ %T.C.— \4% (Si + P) 
out in out out 
The use of graphite electrodes helps to increase car- 
bon in this case because the graphite is not wet by 
the slag and a closer approach to equilibrium attained. 

In basic practice, the slag does not adhere to the 
coke as with the acid lining. Furthermore, the iron 
oxide of the basic slag can be kept low and this results 
in little carbon loss. An important remaining source 
of oxidation is the zone near the tuyeres where the 
incandescent metal falls through an atmosphere con- 
taining free oxygen. This zone may be reduced in 
volume by preheating the blast. Carbon increase of 
0.40 to 0.90 per cent is encountered with preheating 
of the blast to 400 to 900 F.® 


11—Basic Cupola Operation 


Slag contro] alone is not sufficient for good basic 
cupola operation. To obtain satisfactory results more 
careful supervision is necessary than in acid operation 
because success depends not only on melting but on 
refining liquid iron at a fast rate. To indicate some of 
the operating variables, the log sheet of a typical heat 
will be discussed. 

The cupola used was a No. 314 Whiting with a shell 
diameter of 51 in. The stack was lined to 30-in. diam- 
eter above the tuyeres. The outer lining was composed 
of 6-in. fireclay cupola block. The well was lined 
entirely with magnesite brick, and 414-in. thick mag- 
nesite arch brick were used to provide a basic facing 
for 72 in. above the tuyeres. Recently a monolithic 
basic patch, installed with an air gun, has been used 
to replace burned out zones and for the breast and 
the spout to the metal notch. 

A proprietary graphite clay mixture known as 
“Hellspot” has also been used for the breast. A front 
slagging spout with a 4-in. metal head above the top 
of the tap hole is used. 

The cupola melts at about 3.5 tons per hr, and the 
metal is collected in a 2500-lb stationary forehearth 
which is tapped into ton ladles every 15 to 20 minutes. 

The bed is lighted with wood and burned in with 
natural draft over a 4-hr period. The charge used dur- 
ing the heat was as follows:* 


*In more recent practice 60 per cent steel, 40 per cent re- 
turns have been used. 
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Metal % Pounds 
Steel 37.5 150 
Pig 25.0 100 
Returns $7.5 150 

400 
% of Metal Charge Weight 

Coke 16.3 65 

Fluxes 
Limestone 5 20 
Fluorspar 21% 10 
Calcium Carbide 1% 6 
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Fig. 7—Log Sheet of Basic Cupola Heat No. 5104. 


A typical log sheet is shown in Fig. 7. Metal tem- 
peratures ranged between 2720 to 2800 F at the spout 
and 2500 to 2610 F from the forehearth. Blast volume 
was increased for a short period to determine the 
effect of higher temperature and pressure. A slight 
reduction in carbon was noted. 

The principal problems encountered before attain- 
ing this practice were: 

1. Refractory cost and maintenance: Burn out of 
magnesite brick was severe and cutting of the breast 
resulted in eventual shutdown. Excessive tempera- 
tures (over 2950 F), obtainable with the use of CaC, 
and high blast volume, exaggerated these difficulties. 

2. Slag fluidity: Improper slag composition, over- 
size coke led tosxbridging. 
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DISCUSSION 


Chairman: G. VENNERHOLM, Ford Motor Co., Dearborn, Mich. 

Co-Chairman: M. KuNIANsKy, Lynchburg Foundry Co., Lynch- 
burg, Va. 

J. T. MacKenzie: * Dr. Flinn did not show the effect of man- 
ganese. Shortly after World War I, I got some pig iron con- 
taining 0.970 per cent sulphur which by melting with the addi- 
tion of manganese dropped down to 0.431 on the first melt. 
By continuing the melting and running the manganese up to 
1.17 we got the sulphur down to 0.127 in an acid cupola using 
a ratio of 8:1 of a 1 per cent sulphur coke. With pitch coke, 
repeated meltings brought it down to as low as 0.059. So that 
manganese in the metal is something you have to consider. I 
do not know whether it will be effective at these very low sul- 
phur levels. But in the acid cupola at normal sulphur levels it 
is quite pronounced. 

Mr. FLINN: Manganese can be quite an important desulphur- 


1 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala. 








330 


izer, as Dr. MacKenzie pointed out. A common occurrence, of 
course, is in dealing with blast furnace metal as it cools down. 
A constant % Mn x 9% S product is obtained depending upon 
temperature. 

E. A. Loria:? Dr. Flinn has presented an excellent paper. 
Slag composition is, in part, a function of the temperature of 
formation in the cupola and the slag characteristic that probably 
governs the largest number of reactions in the cupola is the 
degree of slag viscosity. 

The most important aspect of this subject is the effect of slag 
composition on the quality of iron produced. Dr. Flinn has 
shown this relationship nicely for sulphur and phosphorus re- 
moval. I would like to consider the matter with respect to gases 
in cast iron, principally oxygen, which by vacuum fusion analysis 
varied from 0.001 to 0.025 per cent by weight; differences being 
attributed to raw materials, operating variables, and even ab- 
sorption of considerable amounts after casting. 

The information in the literature on the amount of oxygen 
that is in equilibrium with silicon and manganese in a popular 
grade of cast iron, say of 2.30 Si and 0.80 Mn, would be expected 
to contain only about 0.002 per cent at about 2800 F, which we 
have confirmed several times by vacuum-fusion analysis. Large 
increases in silicon content in the iron would lower the value 
only in the fourth place and the limit of accuracy of measure- 
ment of oxygen by vacuum-fusion analysis in this range is + 
0.0004 per cent. Carbon is not a factor since the equilibrium 
with oxygen in iron, as in steel, is strongly influenced by pressure 
which acts to the detriment of deoxidation with carbon and 
results in silicon becoming a more potent deoxidizer. Changes 
in acid slag composition to produce a higher SiO, and a lower 
FeO content would have only little effect on the oxygen content 
of the iron since the latter is determined more by the silicon 
content of the metal than the slag in contact with it. 

On the other hand, the viscosity of the slag when raised by 
higher SiO, and lower FeO produces another effect in that it 
provides less absorption of gases by the metal since the more 
viscous high SiO, slag is a poor transfer medium. This has been 
shown in the case of hydrogen in steel made by the acid open 
hearth melting process and the consequent freedom from flake 
susceptibility. A vigorous boil gets hydrogen to a low level and 
then the succeeding high SiO, slag keeps it out. Actually, the 
same steel compositions made by basic practice with more fluid, 
basic slags do pick up hydrogen, and flake on processing. Also 
Fe,O, is difficult to form in an acid slag because of SiO,. In 
basic heats, FeO reacts to form Fe,O, at the top of the slag bath 
while at the bottom of the slag layer the reaction Fe,O, to FeO 
occurs. Thus, Fe,O, acts as a carrying agent for oxygen in the 
basic open hearth slag. Of course, in steelmaking the metal com- 
position is such that a greater degree of oxidation can occur 
therein compared to the composition of cast iron. However, a 
general relationship between gas absorption and cupola slag 
basicity is predicted by these observations. 

When considering the oxygen content of the slag and its 
relation to the oxygen content of the iron, there are two systems 
to be considered. First, there is the partition factor for the oxy- 
gen distribution between the slag and the iron. Second, there is 
the deoxidation constant for the relation between the oxygen 
and silicon in the iron. When the statement is made that a 
lower FeO in the slag results in a lower O, in the iron, the first 
factor is being given the controlling position. This would be 
predominant if the iron contained no C, Si, Mn or other de- 
oxidizers. When the iron does contain large amounts of active, 
deoxidizing elements, the second factor, the deoxidation constant, 
has the controlling influence, and the first factor, the partition 
factor between slag and metal, has minor influence. 

When compared with heterogeneous reactions, homogeneous 
reactions proceed rapidly. For example, the homogeneous re- 
action between the dissolved oxygen in the iron and the dissolved 
silicon in the iron is rapid. Therefore, equilibrium is approached 
rapidly. The speed of the reaction, and the high silicon content 
of the iron tend to keep the oxygen content of the iron at a low 
value. 

A heterogeneous reaction, such as that between the oxygen in 
the slag and the silicon in the iron, proceeds slowly. The inter- 
face between the slag and the iron forms an effective barrier to 
the rapid attainment of equilibrium. Some authorities on steel- 
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making practice feel that even with long times of contact be 
tween the slag and the metal, equilibrium is not attained in 
practice. It has been proven for basic electric reducing slags by 
the work of Marsh, Urban and Derge. This explained why th« 
high silicon content of the iron effectively holds the oxygen 
content of the iron to a low value even while the iron is in 
contact with a slag high in oxygen. 

At times the results with respect to V’ ratio are not too con 
clusive. The V’ ratio (i.e. CaO/SiO,) is only an empirical factor 
which does not tell the complete story of slag behavior. A morc 
definite relationship in special type slags would probably be the 
calculation of the mol fractions of all the basic oxides and acidic 
oxides and then setting up a ratio between them. Some assump- 
tions as to the behavior of amphoteric Al,O, in such slags would 
have to be made. 

We have made many acid slag analyses and have remelted a 
constant amount of each slag on a fusion block in a furnace. 
The time and temperature were noted when each slag first 
showed signs of melting, when it began to come over the lip ot 
the fusion block and when it reached the bottom of the block. 
the fluidity of each slag being indicated to a large extent by the 
length of time it took for the slag to flow down the block. Gen 
erally, the results confirm Dr. Flinn’s work and follow the dic- 
tates set up by the CaO-SiO,-Al,O, constitution diagram. In that 
connection, reference should be made to the region where 
cupola slags usually occur. This portion of the diagram has two 
eutectics, one at 1260 C and the other at 1165 C and the contow 
of the isotherms about these two points should be noted. Acid 
cupola slags tend to orient themselves around this particulan 
analysis range and it can be seen that changes in basic CaO cut 
across isotherms sharply whereas changes in the acid constituent 
SiO, produce compositions which run parallel to the isotherms 
and in the direction of the second eutectic. Thus, some slight 
increase in SiO, would still produce fluid, eutectic-type slag. Ot 
course, the degree of superheat and the lowering of the FeO con- 
tent should be taken into consideration in any comparative study 
of such slags. 

The clinker cement slags which contain lime, silica and alum 
ina can also be studied by means of the CaO-SiO,-Al,O, diagram. 
The diagram indicates that alumina is an excellent flux for lime- 
silica compositions especially in the highly basic region. If the 
silica content of these slags is sufficiently low, as is many times 
the case, they do not form sufficient dicalcium silicate to cause 
disintegration. Many clinker slags are carried slightly oxidizing 
(1 to 3 per cent CaO); however, this amount of iron oxide is 
usually sufficient to stabilize any dicalcium silicate formed. Slag 
composition made up of lime and highly aluminous materials 
can cover a wide range of melting temperatures. Very fluid slags 
can be obtained in this region. y 

CHAIRMAN VENNERHOLM: The subject of nodular iron is of 
considerable interest to many foundrymen at the present time. 
The question may arise as to where the basic cupola fits into 
the nodular iron picture. 

Mr. Krart: You do not mean nodular iron as-cast, I assume. 
We do not see any reason why it cannot be done. You can make 
an iron suitable for inoculation with magnesium and a good 
quality of gray iron in the same cupola. You would of course 
have to change the charges to make two different types, but it 
can be done. 

Mr. Renshaw’s* experiences and ours are almost identical with 
respect to the fluxing situation. We have used fluorspar in all 
the heats to keep the slag fluid. We apparently had the same 
trouble he did at first. The carbide is used for the same purpose 
as Mr. Renshaw mentioned, to give low sulphur and increase the 
carbon. If you are running gray iron you would probably not 
need the carbide, but I suspect that the use of fluorspar would 
still be necessary. 

CHAIRMAN VENNERHOLM: Another question that has been 
asked numerous times is, how can you justify the basic operation 
which involves a refractory which may cost as much as 6 or 7 
times more than conventional acid refractory? Will this not 
offset all the advantages you may otherwise have? 

I think it is of considerable interest that work done by both 
Mr. Renshaw and ourselves has shown that internal water 
jackets in the cupola may reduce the amount of refractory used 
to the extent where the refractory cost expressed in dollars will 


* See “Basic Cupola Melting and its Possibilities,” by E. S. Renshaw, pp. 
20-27 in this volume. 
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not increase, although the material itself may be several times 
more costly. We have operated a water-cooled cupola for a con- 
siderable period of time with an acid lining and found that the 
refractory erosion in the cupola is only about one-sixth of that 
of a normal cupola. We have every reason to believe that the 
condition will be the same with basic refractory. This, therefore, 
may offer one solution to this particular problem. 

E. S. RENsHAW:* In the nature of an experiment we operated 
a water-cooled cupola under basic slag conditions. Employing 
water jackets in the melting zone and lining the furnace well 
with basic refractory, it was found possible to obtain a slag of 
similar basicity to that produced in the basic-lined furnace. 
Chis opens up an interesting field of work and particular refer- 
ence was made in this paper to the “metallurgical blast cupola” 
which does appear to function in the same manner. It is logical 
to assume that the saving in refractory cost should be appre- 
ciable. 

W. W. Austin: * In view of the fact that the basic cupola pro- 
duces low iron oxide content slags and may be operated under 
somewhat reducing conditions, I would like to ask if there is any 
hope for producing nodular iron by melting magnesium in the 
charge? 

Mr. Fuinn: Dr. Austin asked whether you can somehow get 
the magnesium in the cupola rather than having the fireworks 
out in the shop as a result of adding it in the ladle. I do not 
know. I think we should work in that direction, however. The 
question of gas is a very important one. It does bear on this 
magnesium question as well. The solution of the magnesium 
question may be the control of cupola operation so we can 
keep the magnesium in solution without having some gas knock 
it out. 

In the future we will have to pay more attention to these 
minor elements. 

MeMBeER: Could you use aluminum in place of magnesium? 
Could you use aluminum-silicon slags in the basic cupola? 

Mr. Fuinn: That is another possibility, perhaps. 

Mr. Loria: It might be possible that aluminum additions 
could be tolerated in melting iron in the basic cupola in much 
the same manner as aluminum-ferrosilicon reducing slags are 
employed in basic electric steelmaking. There, sulphur removal! 
is also achieved under clinker cement and lime-alumina type 
slags if they are basic, fluid and sufficiently reducing. The forma- 
tion of alumina would be an excellent flux for lime-silica com- 
positions, especially in the highly basic region. Aluminum is the 
most powerful of the common deoxidizers and contributes to 
the essential conditions for desulphurization, namely a strongly 


* Ford Motor Co., Ltd., Dagenham, England. 
* Senior Metallurgist, Southern Research Institute, Birmingham, Ala. 


331 


basic slag and one very reducing in character. When added in 
the acid-lined cupola its tendency to produce pinholes, particu- 
larly on the cope side of thin section (plate) castings is well 
known, but it is not known if the same thing would occur if 
the addition were made to iron melted in contact with a basic 
slag. 

CHAIRMAN VENNERHOLM: Prof, Piwowarsky, in Germany, ‘was 
able to produce nodular iron by just melting and superheating 
cast iron in a magnesia crucible. 

S. F. Carrer:* First of all, I would like to thank Dr. Flinn 
for getting us straight with the physical metallurgists. I was 
afraid some of the relationships we have been experiencing 
might be a little illegal. Have you firmly established to your 
satisfaction that in the denominator of the basicity ratio the 
Al,O, is equally as effective an acid as SiO,, and have you had 
sufficient variation of Al,O, to establish that? Although calcium 
fluoride is present in minor proportions, did you figure your cal- 
cium fluoride as CaO, do you feel that it acts as CaO? 

Mr. FLINN: We tried to indicate how much of our work has 
depended on the work of the physical chemist in steel and we 
have been guided largely by their practice. We have heats con- 
taining as much as 22 per cent Al,O, and as little as 5.3 per cent 
Al,O;. We spent countless hours on this nomograph (Fig. 3) 
and after we were through with it there was no other way of 
treating it that would be better. We did take that from the 
recent work of Rocca, Grant and Chipman* where they treated 
it similarly. 

Now as for calcium fluoride, again we copied them and felt it 
was sort of an inert thing and we did not pay too much attention 
to it. We have not been finding too much CaF, in our heats. I 
do not think we have a variation of calcium fluoride to show 
whether we are treating that right or not. 

J. E. Renper:* I would like to compliment Mr. Flinn on not 
only going seriously into the question of cupola slags, but on 
doing it in such an enlightening and thorough manner. 

Further to Mr. Venerholm’s note that nodular iron has been 
produced in Germany by melting cast iron in a magnesia cru- 
cible, it might be mentioned that Morrogh in England has re- 
ported the same type of thing. These facts combined with a 
study of the reactions involved show that magnesium and alumi- 
num can be reduced from alumina- and magnesia-bearing slags 
over cast iron melts, but that temperatures over 3000 F and con- 
siderable time are necessary, so that this method of introducing 
magnesium into cast iron melts is costly and of little commercial 
interest at present. 


* Asst. Melting Supt., American Cast Iron Pipe Co., Birmingham, Ala 
® Foundry Engineer, Bureau of Mines, Ottawa, Canada. 








DEVELOPMENT OF FOUNDRY COURSES IN 
HIGH AND TRADE SCHOOLS 


By 


R. W. Schroeder* 


WHAT DOES INDUSTRY EXPECT from the trade and 
high schools? What do the schools expect from indus- 
try? Answers to these questions will greatly aid in 
development of foundr, courses. The pattern shop 


should also be considered since the two are insepar- 


able. Not knowing exactly what industry expects, the 
schools develop a “tide program’’—one that rises and 
falls with the interest of the individual instructor, 
helped or hindered by the type of support received 
from industry. The following story will illustrate the 
point. 

A foundryman told the writer that his son was to 
enter a certain school and that he took time off to 
visit the foundry teacher, wishing to see the equip- 
ment and the course of study. This plant owner was 
incensed over the fact that the instructor had other 
duties and did not have time to spend with him in 
the school foundry. He remarked, “Imagine a found- 
ry instructor having to help coach the team.” After 
questioning he informed the writer that that was his 
first visit to the school. 


Interest in the Schools 


What does industry expect of the schools and how 
can the instructor find out unless there is more of 
that cooperation which we all desire and still seem 
unable to attain. Had this man really been inter- 
ested, he would have looked ahead to see what the 
school had to offer, and failing to find what he 
thought desirable, he would have endeavored to do 
something about it. How many of you have taken 
time out to visit your schools to see how your future 
workers are being trained, or to check into the sub- 
ject material being used? Do you know if the teacher 
is interested in your problems? Has he visited or 
worked in one of the shops within the last year? Do 
you know or don’t you care? Is it any wonder that 
our industry is facing a real man power problem 
today? 

Creating interest in and training new blood for the 


* Ass’t. Prof., Foundry and Pattern Laboratory, Navy Pier 
Branch, University of Illinois, Chicago. 





foundry or any trade is not as simple as the turning 
of a spigot. Industry calls for skilled help—the schools 
hear but cannot produce—young men have graduated 
and are now lost to other industries, very few drifting 
into the foundry. The Foundry Industry has done a 
very poor job of selling in the High Schools and 
Trade Schools. A salesman in their employ would 
soon be looking for another job if he used the same 
brand of salesmanship. 


Tide Program 


An outstanding example of a “tide program’’ is 
that which took place at the Hackley Manual Train- 
ing School in Muskegon, Michigan. The develop- 
ment of the original foundry course in that school 
was something to behold. There were no students, 
a few rusty ladles and shanks, and some rusty flasks. 

The foundry course when started years ago fit in 
with the foundries of the time and no doubt was run 
very efficiently. Gradually interest lagged and finally 
the shop was closed and dust was allowed to collect. 
Was this the fault of the school or industry, or a lack 
of cooperation? 

A few years ago the foundries in the Muskegon 
area realized that they were not getting their share of 
the young people and decided to do something about 
it. Sparked by the leadership of Geo. W. Cannon, 
then chairman of the board of Campbell, Wyant and 
Cannon Foundry Co., a corner of the school was 
cleaned out, all the old “equipment” scrapped, and 
today they have a model foundry. Active coopera- 
tion with industry is as much a part of the program as 
are the foundry tools and equipment. A thumb nail 
sketch of that program is as follows:— A definite set 
of jobs (not exercises) based on progressive learning 
factors is required, every student must produce a 
good casting from each job started before he is al- 
lowed to start on the next pattern. Shop trips are 
included and reports are made on each trip by the 
student. Industry has set up a speaker’s bureau and 
men from various plants are called upon to speak on 
pattern making, cupola practice, casting cleaning, etc. 
The foundry instructor at the school places his re- 
quest for a speaker with the chairman of the Donors 
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(Left)—Student making bench mold at Hackley Manual Training School, Muskegon, Mich. and (Right)—Stu- 
dent pouring off molds. 


Committee. Lhe chairman then contacts a man to 
present a talk on the particular subject. The same 
speaker would not be called more than once a year. 
Industry also subsidized the instructors salary, realiz- 
ing that a man having the qualities they desired would 
not accept employment for what the school couid 
offer. 

The instructor or Foundry Manager as his title 
reads, is required to work for a short period each year 
in some one of the contributing plants. This keeps 
him in touch with industry and modern improve- 
ments. This is as far as the writer knows, the out- 
standing development of a foundry course at the 
High School level. Where industry is interested and 
has the real support of the school there can be no 
limit to what can be accomplished. What might be 
classed as a super vocational or Trade School pro- 
gram was recently instituted at Tennessee Agricul- 
tural and Industrial College. The students taking the 
two-year program constituting of 2000 clock-hours 
will have a training comparable to or exceeding any 
given anywhere in the States. The foundry under the 
capable guidance of Dr. Frank Crossley and assisted 
by Prof. Washington will have men who will be 
sought by foundries in all parts of the country. Dr. 
Benson L, Dutton, Head of the Engineering Depart- 
ment, is to be congratulated on the fine work he is 
doing. 

I would like to present a brief outline of this 
course. 


Unit I—General Foundry. 

This unit covers a historical study of the develop- 
ment of the foundry. Care, use and maintenance of 
tools, materials and foundry equipment are studied. 
An elementary study of general foundry operations 
and practices is encompassed; shop rules, safety regu- 
lations and general accepted molding practices are 
studied. Clock hours, 320. 


Unit Il—Molds and Molding. 

This is a detailed study and practice of the various 
molding and casting methods such as green sand, 
permanent molds, slush casting and centrifugal mold- 
ing. Clock hours, 340. 

Unit I1I—Cupola. 

This is a study of the operation and maintenance 
of the cupola; fundamental methods and principles 
of cupola operations, charges, combustion and alloy- 
ing principles. Clock hours, 340. 


Unit IV—Metallurgy of Cast Iron. 

This covers the manufacture of cast iron with re 
lation to physical properties. It is a practical study 
of pouring, chipping, grinding, sandblasting and in- 
specting. Clock hours, 320. 

Unit V—Core Making. 
This is a practical applied study of core making in- 





cluding core box construction, core sands and binders. 
Applied practice in core making is also given. Clock 
hours, 340. 

Unit VI—Maalleable Iron, Steel and Nonferrous Metals. 

This is a detailed study of the physical properties 
of malleable iron, steel and nonferrous metals with re- 
lation to foundry procedure. Practicat application of 
molding and casting various nonferrous metal is stud- 
ied. Clock hours, 340. 

This course is for specialized training only. An- 
other course outline covering four years of work at 
the college level is more extensive. Worcester Poly- 
technic Institute at Worcester, Mass., in 1949 insti- 
tuded a long range modernization program by which 
they expect to keep abreast with the industrial world. 
I am sure that some of the spirit that motivated the 
change in Muskegon, Michigan, would be appreciated 
in that area. 

Milwaukee, Wisconsin, always noted for its splen- 
did work in vocational education, has kept pace with 
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this moving world by close cooperation with industry. 
The foundry course outline requires 2160 clock-hours 
of school instruction, plus the time spent in the shop 
as an apprentice. The school program includes re- 
lated subjects such as: Foundry Arithmetic, Blue print 
Reading, Foundry Science, Patternmaking, Inspection 
and Testing, Job Relations and Economic Relations. 
Foundry Technology also comes in for its share of the 
time with subjects such as Foundry Fundamentals, 
Molding Methods, Coremaking Methods, Tools and 
Equipment, Materials and Supplies and Metallurgy 
for Molders. Plans for more modern shops are being 
considered. The Patternmaking Course is more ex- 
tensive especially in Drawing Mathematics while the 
related shops include Foundry and Machine Shop. 

What does industry expect from the schools? 

1. Training for mechanics only. 

2. Training for mechanics who will later become 
supervisors. 

3. Training for supervisory positions. 

t. Training to take advantage of the present 
F.E.F. program. 

Development of any course should be influenced 
by requirements of industry within the area in which 
the schools are located. Thus the requirements in an 
area having production foundries working on auto- 
motive and plane castings would be somewhat dil- 
ferent than in an area supplying repair parts for one 
of the heavy industries. However, regardless of how 
far from the great industrial centers, foundries may 
have been established, we will always find a few pro- 
duction jobs. 

These shops, as well as all jobbing shops would be 
primarily interested in the training of young men to 
become molders, coremakers and patternmakers. The 
related subject matter should include elementary 
metallurgy, foundry mathematics, blueprint reading, 
sketching, sand control and if possible some basic 
work in patternmaking. Endeavoring to delve too 
deeply into this work could easily prove to be detri- 
mental in that workers would all want to become 
foremen or supervisors. We do need men who are 
good mechanics and are contented in their work. We 





Author explaining some technical aspects of the spiral 
fluidity test mold to some of his students. 
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Thomas Ross, Instructor at Rankin Trade School, St. 

Louis, Mo., about to discuss with students the wood 

patternmaking project in the 1949 A.F.S. Apprentice 
Contest. 


know that all men do not make good leaders and 
also that book knowledge may spoil good workers. 
Mark Twain must have had this in mind when he 
said, “I never allowed schooling to interfere with my 
education.” 

Only by active cooperation in the particular area 
between school and industry can a curriculum be set- 
up that would reflect the desires of the shops in- 
volved. To the fundamentals necessary for trade train- 
ing in these areas we must add that which will be 
necessary to give a working knowledge of machine 
production. This calls for molding machines and 
necessary auxiliary equipment. Until industry shows 
real interest in foundry training in the High and 
Trade Schools, the necessary space, equipment and 
teachers will not be made available. Industry will 
create reserve funds, make depreciation allowances, 


-invest in new modern equipment, but never seem to 


have enough left over for a good training program. 
It is similar to the old story of the farmer with a 
leaky roof on the barn—when the sun shines there is 
no need to fix it—when it rains he can’t. 

Dr. J. T. MacKenzie, Technical Director, American 
Cast Iron Pipe, made the statement a number of years 
ago, that he considered money spent in training as 
an investment, in that through this training his com- 
pany had contributed something to the foundry in- 
dustry and that the company had built up good will 
in so doing. The development then of any program 
depends on active support from industry and the 
desire to serve on the part of the schools. 

Where funds have been made available and new 
schools are erected, they have shown a great deal of 
interest in purchasing new equipment and making 
space available for the school foundry. An industry 
committee formed along the lines as the one at 
Muskegon, Michigan, will open up wider avenues of 
man power supply, and do a great deal toward lifting 
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the foundry to a higher plane in the educational 
field. 

It would possibly take years to read all the material 
written on proposed foundry and pattern courses 
supposed to be used in the High School, Technical 
School, Trade and Vocational Schools and various co- 
op plans. Apparently what we need is a full time 
coordinator at this level. So the need is not in cur- 
riculum building but in sifting and throwing out the 
“fines.”” Both industry and the schools have the ball 
and like ‘““Wrong-Way Corrigan” cannot or do not 
want to see the goal. Brought together, a gigantic 
reservoir of youth eager to enter the foundry field will 
be built. 

In closing I would like to refer again to the Hackley 
Manual Training Plan. It was the thought of Mr. 
Cannon at the time, to set up this model foundry, 
have blue prints made of its layout, list of equipment 
and duplicate sets of preliminary patterns so that 
they could be loaned for a reasonable length of time 
to any school or organization wishing to start a small 
training shop. Industry has overlooked a potential 
reserve of man power in not bringing the history 
and romance of the foundry industry to young people 
while they are still in the state of flux. Movies, shop 
trips, lectures to the pupils in the seventh, eighth and 
ninth grades and to the P.T.A.’s will do a great deal 
in breaking down the self-imposed barriers raised by 
our industry due to the lack of good housekeeping 
and apparent disregard for the health and comfort 
of their employees. There is an old saying that 
“foundrymen don’t die they just dry up and blow 
away.” Plants that have faced suits on silicosis will 
dispute that old saw. 

We may have an ideal school shop as far as clean- 
liness and dust removal is concerned and inculcate the 
habits of safety. To what avail are our efforts when 
in his first visit to a plant he finds smoke, dust and 
perchance will see a man through a fog walking along 
the gangway slowly in hopes that he will reach his 
floor safely with that ladle of iron—or possibly a lot 
of core work is being poured and after a few minutes 
the sharp rancid fumes cause the nose to burn and 
the eyes to tear. 

What chance have we of diverting the youngsters 
into that field? Some foundrymen have stated that 
they did not care to be put on the visiting list because 
of the conditions mentioned. Let us have some real 
development in our industry on personnel work, 
health programs and improved conditions within the 
plant. Then we can develop courses that will create 
the desire to be workers in this basic irdustry. 


DISCUSSION 


Chairman: W. H. RuteN, Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 

Co-Chairman: G. B. BARKER, University of Wisconsin, Madi- 
son, Wis. 

C. J. Freunp:* How much time would a satisfactory high 
school foundry program require for introducing it into a curricu- 
lum which already is rather full? 

Mr. ScuHroeperR: The foundry course would require a 2-hr 


' Dean, College cf Engineering, University of Detroit, Detroit. 
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period a day. There is a desire on the part of the school officials 
to cut that down to | hr. Even within 114 hr it is difficult to 
conduct class effectively because a mold cannot be put away until 
the next meeting. It has to be inspected, and if possible, poured 
so the student will have full benefit of his work. We could 
accomplish a great deal within one semester, with the possibility 
of having those students who are really interested, repeating the 
course as an elective. That would give the student a good idea 
of whether he would want to stay in the foundry field. 

I would like to see a program where we would add an extra 
year to the high school curriculum. If a student wanted to go to 
college he would have this practical training and within that 
year gain enough credits to enter college and carry on at that 
level. 

CHAIRMAN RuTEN: Did you suggest 2 hr per week for two 
semesters followed up with 3 hr per week for the advanced 
course? 

Mr. Scuroeper: ‘The Smith-Hughes plan calls for 2 yr, I 
believe. 

Mr. Freunp: Is it likely that the authorities at the schools 
will accept a 2-hr a day proposition? My question does not refer 
to all communities, but only to those where the foundry industry 
is important. 

Mr. ScHROEDER: I think so. In fact the foundry training pro- 
gram at Muskegon, I think, is carried on for the full 4 yr. The 
schools will not do it of their own accord and it is hard for an 
instructor in a school to get the authorities to do something. 
But if he has the backing of the industry he may get the time 
allotted. Lacking that support of the industry and the encour- 
agement from the school itself, the instructor becomes discour- 
aged and does a job of teaching for 6 hr per day and he is 
through. No instructor can do a job with these students working 
only 6 hr per day. Working together, you can accomplish a 
great deal. 

MEMBER: We have one trade school in particular in Los An- 
geles that is training boys for the Foundry Industry. Some of 
these boys want to obtain work during the summer in the local 
foundries. We have a State law which prohibits boys under 18 
yr of age from working, particularly around moving machinery. 
Do you have any suggestions whereby we can surmount that 
particular problem? How do you go about giving them experi- 
ence? 

Mr. ScHROEDER: That is a real problem. 

W. J. Moore: ? There are no Federal laws that I know of that 
are applicable in the circumstances mentioned. There are State 
laws and they all vary. The one I am most familiar with is in 
Pennsylvania. I believe boys under 18 may not work at most jobs 
in the foundries. 

Mr. Freunp: I am quite certain that in Wisconsin any prop- 
erly indentured foundry apprentice is excused from those laws 
which curtail the kinds of work that he can do under the age 
of 18. 

Co-CHAIRMAN BARKER: I do know that if any industry pre- 
sents a case to the Industrial Commission which has charge of 
the enforcement of this law, they can get a release from the law. 
Special permits are given and I assume that is how these boys 
would be working. 

I have no doubt at all, if a boy was 17 or under 18 yr of age, 
if industry requested the Industrial Commission, they would 
give him a special permit. But the request would have to come 
from industry. 

G. K. Drener: * The Smith-Hughes Act has a tendency to con- 
tinue and repeat the errors and practices of the past, among 
which are the things the author mentioned which keep young 
men from entering the Foundry Industry. The attitude of the 
men permitted to train those young men is that of the old school 
foundryman. 

Mr. SCHROEDER: I wonder if that could not be taken care of 
by the Board of Education working with the industry. This 
teacher would be required to take a certain amount of college 
work as he goes along. I am absolutely opposed to the idea that 
a man has to have a degree, as one educator once stated he 
would not allow his foundry school to be opened unless the 
instructor had a Ph. D. degree. 

Mr. DreHer: We are not talking about getting college men 





2 Assistant Director, Dept. of Labor, Bureau of Apprenticeship, Harris- 
burg, Pa. 
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to teach a trade, but about getting men with foundry experience 
to teach and inspire them to enter this industry of ours. The 
men under the Smith-Hughes Act who are selected and obtained 
for that purpose are not, generally speaking, the kind cf men 
who inspire a youngster of today to select this industry as a 
career. 

I would rather take the college man and teach him the prac- 
tical side and get fine character and the ability to act as a leade1 
than take a man who has been a tradesman but who is incapable 
of further study and knowledge and have him try to lead these 
young men. 

I think, by and large, the high school boys know more about 
arithmetic and general science than the man who is trying to 
teach them foundry practice. 

Mr. ScHroever: Some of that will have to be granted. But 
on the other hand, many men from industry are actually inter- 
ested and I think you can note from Washburne Trade School 
in Ch:cago that we have many men who are tradesmen who 
have gone on and received their college degrees or received 
enough credits in college work to make them good teachers. 
The Milwaukee Vocational School also is an outstanding example 
of that. Practically every instructor there has a college degree. 
They were taken from industry. 

It is a case of industry and the schools working together. In- 
dustry has not advised the schools just what it wants. The heavy 
industries are not represented on many of our boards of educa- 
tion. Until we find industry wanting to go in there and sacri- 
ficing some of their time we cannot expect to get those teachers. 

F. C. Cecu:* Is the high school foundry course optional o1 
compulsory for the boys? 

Mr. ScHROEDER: In some schools it is required, in others it is 
optional. 

Mr. Cecu: If it is compulsory you will find a few boys who 
will take the course, but if it is optiorial the boy will look for 
the easiest way out, or perhaps because he is inquisitive he takes 
the course and later drops out. We have started foundry courses 
with the junior schools in Cleveland. In Cleveland we ship 
sand in bags to the junior high school. We also ship them 
metal. We have designed a little flask for the junior high 
school to use. Occasionally we get some metal through the 
Board of Education and from industry. 

Co-CHAIRMAN Barker: I think Dean Freund put his finger 
on it when he said, “How much work do you want the boys to 
take in school?” If industry is demanding a trained worker you 
may have to give him 2 or 3 hr a day every day in the week. 
If, however, industry is ready to take these men after they get 
out of high school, give them some in-plant training, then cer- 
tainly you do not need to teach those boys 2 hr every day of 
the week. 

It was mentioned that Milwaukee has a good training pro- 
gram. It is a 2100-hr program. If you will start adding that up, 
it amounts to 52 weeks, 8 hr a day, 5 days a week. Are you going 
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to keep that boy working 8 hr a day, 5 days a week, every day 
If you do, you are going to drive him out of the Foundry In 
dustry. 

If they give the boy 4 hr a day for a 5-day week, that is 
yr. I claim that may be altogether more than industry desires 
But, if industry desires it, let us give it to them. If they do noi 
then why waste the boy’s time? 

We take boys who are a little over 18 when they come int 
cur universities, We give them very good training. They knov 
Foundry Industry pretty well after we give them one 2-hr sessio: 
a week for 16 weeks. I do not claim they are finished molders. 
or patternmakers, but those boys know foundry practice whe: 
they leave school. I think it is up to industry to advise th 
schoo'!s how much training they desire in our graduates. 

Mr. Scuroeper: I think I made it clear that industry does noi 
make their reeds known to the schools. Subsequently you hav 
the “tide program” where the program in the schools depends 
on the interest of the instructor alone. It gets to the poin' 
where the instructor feels he put in a full day’s work after 6 hi 
He closes the book just as the molder puts his tools away, goes 
home and forgets about it till the next morning. 

You are not going to develop foundrymen or foundry courses 
with an instructor working on a 6-hr day. Industry must show 
that instructor that industry is interested in what he is doing 
so that he will expend himself in developing his courses. 

W. J. MacNeILy: ® I think industry must plead guilty to this 
lack of interest to some extent, but I think every foundry’s 
problem is different as to what it wanted the schools to teach 
I think the final determination is what your union contracts 
will let you do about trainees in your own shop. 

The set-up at Muskegon has been ideal, but what is expected 
of industry when these boys have finished the course? Do they 
just give them a job shoveling in a wheelbarrow or give them 
some training in the shop? 

Mr. ScuHroeper: I did not go back to Muskegon to find oui 
what has been done with that program. I think the boys would 
become either first class mechanics or foundry technicians, o1 
they would go beyond there and take up additional training. We 
want to create in the student the desire to go on within this 
field. So far we in the foundry industry have been satisfied with 
what has drifted into the foundry. We have to go out after 
these boys if we expect to get our just share of them, and I do 
not think we have been doing that. 

Mr. MACNEILL: I hoped that the industry in Muskegon did 
take the boys in and trained them further. I do not care what 
yeu teach them, if you do not do something about it afterwards 
the boys are going to become disgusted and discouraged. 

Mr. SCHROEDER: That brings us back the four points: (1) 
Training for mechanics only, (2)° Training for mechanics who 
will become supervisors, (3) Training for supervisory positions, 
(4) Training to take advantage of F.E.F. program. 


5 Foundry Manager, Acme Aluminum Alloys, Inc., Dayton, Ohio. 
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INFLUENCE OF SILICON CONTENT ON MECHANICAL AND 
HIGH-TEMPERATURE PROPERTIES OF NODULAR CAST IRON 


By 


W. H. White, L. P. Rice, and A. R. Elsea* 


GROWTH AND SCALING CHARACTERISTICS of Cast 
iron have been studied by many investigators. In an 
earlier paper, White and Elsea' presented a biblio- 
graphy of technical articles on growth and scaling of 
cast iron and reviewed the theories explaining growth 
in cast iron. The results of these earlier investiga- 
tions showed that irons containing approximately 6 
per cent silicon and less than 2.5 per cent carbon are 
resistant to growth at temperatures as high as 1700 
F. It has been shown that when irons of this type are 
alloyed with 1.25 per cent copper and 0.5 per cent 
chromium, these irons are also quite resistant to scal- 
ing. In spite of these good high-temperature proper- 
ties, the useful applications of high-silicon cast iron 
have been limited because the material is brittle at 
room temperature. 

Recently, methods have been developed? whereby 
the graphite in cast iron is made to form as a spheroid 
rather than the usual flake. This change in graphite 
structure is accompanied by a considerable change in 
mechanical properties. Not only is the tensile strength 
increased beyond those limits previously thought pos- 
sible for cast iron, but the ductility or toughness is 
also greatly increased. This suggested that it might 
be possible to improve considerably the ductility of 
high-silicon cast irons by treating them so as to pro- 
mote the formation of spheroidal graphite. 


Experimental Work 


Preparation of Test Materials—Present investiga- 
tion, conducted under the sponsorship of the Jackson 
Iron and Steel Co., consisted of determining the effect 
of variations in silicon content on mechanical proper- 
ties and growth and scaling characteristics of two ser- 
ies of cast irons of similar compositions, one con- 
taining flake and the other containing spheroidal 
graphite. The silicon content of these irons ranged 
from 2.6 to 6 per cent, with the carbon content being 
adjusted in each case to give an iron of approximate- 


*W. H. White, Metallurgist, Jackson Iron and Steel Co., 
Jackson, Ohio, L. P. Rice, Research Engineer and A. R. Elsea, 
Assistant Supervisor, Battelle Memorial Institute, Columbus, 
Ohio. 
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ly eutectic composition (approximately 4.3 per cent 
carbon equivalent). 

The irons were made without alloys since the use 
of alloys would increase the number of variables that 
must be controlled. In addition to that, alloys might 
interfere with the formation of spheroidal graphite, 
and there was no intention of studying that lactor 
in the present investigation. Therefore, the proprie- 
tary magnesium addition agents could not be used 
to treat the irons because either they contained large 
quantities of unwanted alloys or else they contained 
so much silicon that it would be impractical to use 
them in making the lower silicon irons. Consequent- 
ly, it was necessary to devise some other method of 
adding magnesium. Magnesium metal would be ideal 
except that its reaction with molten iron is too vio- 
lent and recoveries are unpredictable. Compacts of 
magnesium and iron powder for use in deoxidizing 
cast iron and steel] have been described in the litera- 
ture.* If such compacts were suitable for deoxidia- 
tion, they should allord a satisfactory means of add- 
ing magnesium to cast iron to produce spheroidal 
graphite. 

In order to test the feasibility of adding mnagnesium 
in this way, several trials were made in which com- 
pacts of cast iron chips containing 10 and 20 per 
cent magnesium as chips were added to ladles of 
molten cast iron. Cast iron and magnesium in the 
form of chips were used, since they were readily 
available. This method of adding magnesium proved 
to be satisfactory. On the basis of these preliminary 
tests, pellets containing 20 per cent magnesium were 
selected for use in this investigation. 

The test bars used in this investigation were pre- 
pared in the following manner: Five heats of the de- 
sired analyses, each weighing approximately 170 Ib, 
were melted in an induction furnace. One-half of 
each melt was tapped into a ladle, treated with 0.3 
per cent silicon added as ferrosilicon, and cast as a 
double-leg keel block. The remaining half of each 
melt was treated while still in the furnace with 0.55 
per cent magnesium added as the magnesium-iron 
compacts. The metal was then tapped into the large 
ladle, treated with 0.3 per cent silicon added as fer- 
rosilicon, and cast as a double-leg keel block. Figure 
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Taste 1—Data RELATIVE TO THE MELTING AND ANALYSES OF THE FivE Heats Usep TO PouR THE KEEL BLOck 
CASTINGS 
Carbon Magnesium Treating Pouring 

Calculated Composition, Per Cent Actual Analysis, Per Cent Equivalent, Added, Temp, Temp, 
Heat No. Code 1.C. Si Mn P S T.c* Mn P S Per Cent Per Cent F 
A-6384. 13.50 2.50 0.70/0.90 0.15/0.18 <0.05 342 261 0.73 0.18 0.037 429 0.0 ae 2540 
A-6384 IM 3.50 2.50 0.70/0.90 0.15/0.18 <0.05 3.51 - - - - 0.55 2600 2500 
A-6113 2 $3.25 3.25 0.70/0.90 0.15/0.18 <0.05 3.36 3.22 0.74 0.19 0.028 4.43 0.0 - 2500 
A-6113 2M 3.25 3.25 0.70/0.90 0.15/0.18 <0.05 3.29 - — — _ 0.55 2600 2470 
A-6381 3 $3.00 . 4.00 0.70/090 0.15/0.18 <0.05 3.16 4.01 0.76 0.17 0.028 4.50 0.0 _ 2600 
A-6381 3M 3.00 4.00 0.70/0.90 0.15/0.18 <0.05 3.16 — _ _ _ _- 0.55 2600 2500 
A-6382 4 2.65 5.00 0.70/0.90 0.15/0.18 <0.05 2.89 4.95 0.74 0.16 0.028 4.54 0.0 - 2550 
A-6382 4M 2.65 5.00 0.70/0.90 0.15/0.18 <0.05 2.93 —- _ - - 0.55 2630 2500 
A-6383 5 2.30 6.00 0.70/0.90 0.15/0.18 <0.05 245 5.94 0.74 0.15 0.033 4.43 0.0 _ 2540 
A-6383 5M 2.30 6.00 0.70/0.90 0.15/0.18 <0.05 2.44 - - - - 0.55 2640 2470 


* Carbon was determined on keel-block bars of both treated and 
strong tendency to float out of magnesium-treated hypereutectic 


untreated irons because experience has shown that carbon has a 
cast irons. 








Fig. 1—Photo of keel block showing bottom side of 

casting. The two legs are 21 in. long and 1\% in. 

square. The heavy top, which serves as a feeder for the 
legs, measures 21x51gx13/, in. 


1 shows one of these keel-block castings. Table | con- 
tains data relative to the melting, treating, and cast- 
ing of these five heats. It will be noted that the com- 


position of each heat was calculated to give an iron 
of approximately eutectic composition, that is, with 
a carbon equivalent of about 4.3. The silicon con- 
tents of these heats were close to the calculated val- 
ues; however, the carbon recoveries were a little 
higher than had been anticipated, with the result 
that carbon contents of some of the irons were high. 


Microstructures and Mechanical Properties—Two 
test bars sawed from each keel block were 21 in. long 
and 114 in. square. Each bar was marked with a code 
designation, as indicated in Table 1, and, since two 
bars were cut from each keel block, one was marked 
“a” and the other “b’’. 

A specimen for metallographic examination was 
cut from one bar of each keel-block casting. Metal- 
lographic examination showed that all of the mag- 
nesium-treated irons contained spheroidal graphite, 
whereas the untreated irons contained coarse flake 
graphite. There was a general tendency for the aver- 
age size of the spheroids in the magnesium-treated 
irons to decrease as the silicon content was increased. 
This may have been partly the result of the lower 
carbon content in the higher-silicon irons. Pearlite 
was present in both the flake and nodular irons with 





Fig. 2—Structure of untreated iron containing 2.61 Si 
and 3.42 C (Bar 1). Picral etch. Mag. 100 x. 


Fig. 3—Structure of magnesium-treated iron contain- 
ing 2.61 Si and 3.51 C (Bar 1M). Picral etch. 100 x. 
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Fig. 4—Structure of untreated iron containing 4.01 Si 
and 3.16 C (Bar 3). Picral etch. Mag. 100 x. 





Fig. 6—Structure of untreated iron containing 5.94 Si 
and 2.45 C (Bar 5). Picral etch. Mag. 100 x. 


the lowest silicon content. The amount of pearlite 
decreased with increasing silicon content, and, in the 
irons containing 5 per cent silicon or over, the matrix 
was fully ferritic. Figures 2 through 7 show typical 
structures observed in both the flake and nodular 
irons containing 2.61, 4.01, and 5.94 per cent silicon. 

The square bars were turned full length to round 
bars 1.1 in. in diameter. A mark was placed on the 
end of each bar to show the side of the bar which had 
been in contact with the keel head. In the transverse 
and impact tests, this side of the bar was always 
placed in compression; thus, if any variation in struc- 
ture occurred across the bar as a result of its orienta- 
tion in the original castings, this variable would be 
minimized. 

The turned bars were broken on 18-in. centers to 
determine their transverse properties. Figure 8 shows 
the load-deflection curves obtained for these bars. It 
will be noted that at the end of each curve there is a 





Fig. 5—Structure of magnesium-treated iron contain- 
ing 4.01 Si and 3.16 C (Bar 3M). Picral etch. 100. 
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Fig. 7—Structure of magnesium-treated iron contain- 
ing 5.94 Si and 2.44 C (Bar 5M). Picral etch. 100. 


short line which turns either down or up. If it turns 
down, it means that the bar was broken at the deflec- 
tion indicated. If it turns up, it means that the limit 
of the deflection gage was reached (0.56 in.) before 
the bar was broken. In those cases, the deflection 
gage was removed and the bar broken without ob- 
taining a complete load-deflection curve. 

It is apparent from these curves that the magne- 
sium-treated irons are considerably stronger and show 
more deflection than the untreated irons. In addi- 
tion to this, the curves for the magnesium-treated 
irons have a straight-line portion, indicating that they 
deform elastically in the early stages of loading, 
whereas the curves for the untreated irons show no 
region of elastic deformation. 

One-half of each broken transverse bar was broken 
in impact on 6-in. centers using an Amsler impact 
testing machine. Parts of the broken bars were used 
in making tensile, growth, scaling, and hardness test 
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Fig. 8—Load-deflection curves for machined 1.1-in. diam arbitration bars tested on 18-in. centers. 


specimens. 

The results of the mechanical tests are summarized 
in Table 2. It should be pointed out that the trans- 
verse and impact data were obtained from machined 
bars 1.1 in. in diameter, and the values for these 
properties will be lower than for standard 1.2-in.- 
diam bars having the as-cast skin intact. The tensile 
tests were made on button-end tensile specimens with 
a gage length of 2 in. and a gage diameter of 0.505 in. 


In order to illustrate more clearly the effect of sili- 
con content upon the mechanical properties of these 
irons, the data in Table 2 are plotted as a function of 
silicon content in Fig. 9 and 10. These curves are 
self-explanatory. However, it should be pointed out 
that spheroidal irons containing as much as 4 to 5 
per cent silicon are strong and have sufficient impact 
strength to eliminate the principal objection to high- 
silicon cast irons, namely, excessive brittleness. 


TABLE 2—RESULTS OF MECHANICAL TESTs ON Bars CAST FROM MAGNESIUM-TREATED AND UNTREATED PORTIONS OF 
Five Cast IRON HEATS . 





Transverse Properties 
(1.10-in. Bar) 





Tensile Properties 








Trans\eise Ultimate Per Cent 
Strength, Deflection, Impact, Strength, Elongation Hardness, 

Code* Ib Ju.** Fr-Lb*** psi in 2 In. Bhn 
la (3.42% C, 2.62% Si) 900 0.372 23 12,920 0.0 97 
Ib Ditto 900 0.340 20 13,570 0.0 
IMa (3.51% C, 2.62% Si) 4170 - >112 77,700 4.8 193 
IMb Ditto 3935 _ >112 77,600 45 
2a = (3.36'% _C, 3.22% Si) 870 0.390 19 12,440 0.0 104 
2b Ditto 865 0.380 19 12,690 0.0 
2Ma (3.29% C, 3.22% Si) 4350 - 111.5 73,150 3.2 197 
2Mb Ditto 4360 - >112 74,500 3.5 
3a (3.16% C, 4.01% Si) 1060 0.375 20 13,420 0.0 108 
3b Ditto 1010 0.360 19.5 13,880 0.0 
3Ma (3.16% C, 4.01% Si) 4675 - 70 75,750 1.0 208 
3Mb Ditto 4595 - 69.5 77,300 1.2 
4a (2.89% C, 4.95% Si) 1020 0.315 17.5 14,660 0.0 131 
4b Ditto 1020 0.320 18.0 14,920 0.0 
4Ma (2.93% C, 4.95% Si) 4340 0.435 57 90,450 0.5 248 
4Mb Ditto 4320 0.402 39 90,450 0.7 
5a = (2.45% C, 5.94% Si) 1170 0.180 16 13,680 0.0 171 
5b Ditto 1020 0.180 18 12,430 0.0 
5Ma (2.44% C, 5.94% Si) 1980 0.142 20 47,650 0.1 293 
5Mb Ditto 2000 0.145 17 43,300 0.0 


* The “M” indicates magnesium treatment. Duplicate bars (a and b) were tested. 
* Where no value is given, the deflection exceeded the limits of the gage (about 0.56 in). 


*** The capacity of the Amsler machine was 112 ft-lb. 
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Fig. 10--Tensile properties and hardness as a function of silicon content for five unalloyed cast irons con- 
taining flake or spheroidal graphite. 
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Scaling and Growth Tests 


The scaling rate of each of these irons was deter- 
mined as follows: Scaling test specimens | in. in dia- 
meter and 2 in. long were machined from the test 
bars, the surfaces polished with 100-grit abrasive cloth, 
and the specimens accurately weighed on an analytical 
balance before the test was started. Each specimen 
was placed in an open fire-clay crucible which, in 
turn, was placed in an electrically heated muffle fur- 
nace operating at 1600 F. After 24 hr at temperature, 
the specimens were removed from the furnace, cooled, 
and reweighed, after which they were returned to 
the furnace for another cycle. Figure 11 shows the 
increase in weight calculated to grams per square cen- 
timeter of surface area plotted as a function of time 
at 1600 F. Each curve in Fig. 11 represents the aver- 
age value for two specimens. Figure 12 shows the 
appearance of a representative specimen of each iron 
after 240 hr at 1600 F. 

It is apparent from the curves in Fig. 11 that cast 
iron, which has been treated with magnesium to pro- 
mote the formation of nodular graphite, has a much 
lower scaling rate than an untreated iron of the 
same analysis containing flake graphite. It is also ap- 
parent that, in the irons containing flake graphite, 
the scaling rate decreased progressively as the silicon 
content is increased. 

It should be pointed out that the curves in Fig. 1] 
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Fig. 11—Change in weight of scaling test specimens 
during exposure to air at 1600 F. 


Bar 1M Bar 2M Bar 3M Bar 4M Bar 5M 
2.61% Si 3.22%, Si 1.01% Si 4.95% Si 5.94%, Si 
$.51% C 3.29% C 3.16% C 2.93% C 2.45% C 
Magnesium Magnesium Magnesium Magnesium Magnesium 
treated treated treated treated treated 





Bar | Bar 2 
261%, Si 3.22%, Si 
$.42%, C 3.36% C 


Untreated Untreated 


Untreated 


Bar 3 Bar 4 we ae 
4.01%, Si 4.95% Si 5.94%, Si 
3.16%, C 2.89% C 2.45% C 


Untreated Untreated 


Fig. 12—Appearance of scaling test specimens after 240 hr at 1600 F. 
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represent the actual change in weight of the speci- 
mens calculated to grams per square centimeter of 
surface area. Thus, they represent a summation of 
the increase in weight resulting from oxidation and 
the decrease in weight resulting from decarburization. 
In this respect, it is of interest to note the shape of 
the curves for the flake irons containing 5 and 6 per 
cent silicon (Bars No. 4 and 5). The weight loss 
through decarburization in the first 24 hr was greater 
than the weight increase by oxidation. After the first 
24-hr cycle, the specimens slowly gained weight. Ap- 
parently, most of the decarburization took place dur- 
ing the first 24 hr and, with further time at tempera- 
ture, oxidation was the dominant reaction. The mag- 
nesium-treated iron containing 4 per cent silicon (Bar 
3M) had a slight but consistent loss in weight through- 
out the test. In this case, the weight gained by scal- 
ing was slightly overshadowed by the weight loss 
from decarburization. The weights of the nodular 
iron specimens containing 5 and 6 per cent silicon 
remained almost constant throughout the test. After 
240 hr at temperature, the 6 per cent silicon nodular 
iron had a thin film of scale, while the scale on the 
5 per cent silicon iron was only slightly heavier. Thus 
it can be assumed that both the oxidation or scaling 
rate and decarburization rate for these two irons are 
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Fig. 13—Growth of cast iron containing flake graphite, 

subjected to cyclic heating. Each cycle consisted of 

heating to the indicated temperature, holding at tem- 

perature for 30- min, and air cooling. Initial length 

of test bars was 4 in. Each curve represents the aver- 
age of two duplicate specimens. 
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20 sO 
GROWTH CYCLES (30 MINUTES AT TEMPERATURE) 


Fig. 14—Growth of cast iron containing spheroidal 

graphite subjected to cyclic heating. Each cycle con- 

sisted of heating to the indicated temperature, holding 

at temperature for 30 min, and air cooling. Initial 

length of test bars was 4 in. Each curve represents 
the average of two duplicate specimens. 


quite low. In fact, the scaling resistance of the 6 per 
cent silicon iron was about equivalent to that of the 
stainless steel identification bands used on the growth 
test specimens described later in this paper. 

Tests were conducted to determine the effect of 
variations in silicon content and changes in graphite 
structure upon the growth resistance of cast iron. A 
growth test specimen, | in. in diameter by 4 in. 
long, was machined from each of the arbitration bars. 
A stainless steel button was inserted in each end of 
each bar and all length measurements were made be- 
tween these stainless steel buttons, so that accurate 
measurements could be made in spite of scale that 
had formed. 

The growth tests consisted of heating the test bars 
to a predetermined temperature, holding at tempera- 
ture for 30 min, and air cooling to between 300 and 
400 F, after which the specimens were returned to 
the furnace for another cycle. After each five cycles, 
the bars were cooled to room temperature and the 
length measured to the nearest thousandth of an 
inch. A test specimen identical to the others, but 
one which was not subjected to cyclic heating, was 
used as a standard to calibrate the micrometer. Test- 
ing temperatures of 1300, 1500, 1625, and 1840 F 
were used, each bar being subjected to 20 cycles at 
each temperature in the order given. Figures 13 and 
14 show graphically the length increase calculated to 
inches per inch of bar length plotted as a function of 
test cycles. 

In an earlier investigation, it was shown that the 
growth of cast iron during cyclic heating is small, 








Fig. 15—Representative growth test specimens of each 
iron as they appeared at the end of the growth tests. 


provided the critical temperature is not exceeded. 
However, if the iron is alternately heated and cooled 
through the critical temperature range, then growth 
proceeds at a rapid rate. Increasing the silicon con- 
tent of the iron raises the critical temperature, and, 
therefore, raises the temperature above which rapid 
growth occurs. 

The data presented in Fig. 13 substantiate these 
earlier observations. In these irons, containing flake 
graphite, the temperature above which rapid growth 
occurs is progressively raised as the silicon content is 
increased. A comparison of the curves in Fig. 13 and 
14 show that nodular cast irons are more resistant to 
growth than are irons of identical composition con- 
taining flake graphite. The nodular irons are similar 
to the flake irons in that appreciable growth does not 
occur unless they are heated and cooled through the 
critical temperature range. The slight growth at 1300 
F shown by both the flake and nodular irons with the 
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The top specimen is one that was not subjected to 
cyclic heating. 


two lowest silicon contents was primary growth caused 
by graphitization of the pearlite. The irons with 
higher silicon contents were almost fully ferritic, and, 
consequently, no primary growth occurred in these 
irons. 

Figure 15 shows a representative growth test speci- 
men of each iron as it appeared at the end of the test. 
It is interesting to note the reduced diameter of most 
of the bars containing spheroidal graphite. The scale 
which formed on these bars at high temperatures 
flaked off when the bars were cooled, with the result 
that they decreased in diameter. On the other hand, 
most of the scale which formed on the iron contain- 
ing flake graphite remained in place throughout the 
complete test. The 4 and 5 per cent silicon irons con- 
taining flake graphite bowed considerably during the 
growth test. This may have been caused by differ- 
ences in growth rate between the two sides of the 
iron resulting from differences in graphite structure. 
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it should be remembered that these test specimens 
were cut from the legs of keel-block castings, so that 
some variation in graphite structure occurred across 
the bar, the section next to the keel head containing 
the coarser graphite. 


Summary 


The addition of magnesium was effective in pro- 
ducing spheroidal graphite in cast irons containing 
from 2.6 to 6 per cent silicon. Untreated portions of 
these irons contained coarse flake graphite. The 
change from flake to spheroidal graphite was accom- 
panied by a marked increase in transverse and impact 
properties of the irons containing as high as 5 per 
cent silicon. As the silicon content was increased to 
6 per cent, these properties were lowered and ap- 
proached the values obtained for irons of the same 
composition contuining flake graphite. Additions of 
silicon progressively increased the hardness of these 
irons and the magnesium-treated irons were consist- 
ently 100 Brinell numbers harder than were the un- 
treated irons. In general, the results of these mech- 
anical tests have shown that spheroidal cast irons con- 
taining from 4 to 5 per cent silicon are much stronger 
than any of the other irons tested, and, at the same 
time, they have sufficient impact resistance to elimin- 
ate the principal objection to high-silicon irons, name- 
ly, their extreme brittleness. 

The results of scaling and growth tests on these 
cast irons showed that those irons containing spher- 
oidal graphite are considerably more resistant to 
growth and scaling than are the irons containing 
flake graphite. The 4 and 5 per cent silicon cast 
irons containing spheroidal graphite have a combin- 
ation of mechanical properties and resistance to 
growth and scaling which should make them quite 
useful irons for many industrial applications. The 6 
per cent silicon iron containing spheroidal graphite 
has even greater resistance to scaling and growth at 
testing temperatures up to 1625 F. The growth of 
this iron was almost unmeasurable and its scaling 
resistance at temperatures up to 1840 F was about 
equivalent to that of 18-8 stainless steel. 
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F. B. Rote (Written Discussion):* This is a very interesting 
paper in which is presented information of importance to 
potential or present users of ductile cast iron. Silicon is the 
most potent alloying element for ferrite, and as such can exer- 
cise considerable control on the properties of ferrous materials. 

At the University of Michigan we have investigated, over a 
rather long period of time, the properties of ductile cast iron, 
in a research project sponsored by the International Nickel Co., 
Inc., and have developed considerable data on the influence of 
compositional variables on the mechanical properties. Attempts 
to compare the results of our investigations with those reported 
by the authors were only partially successful, in that we found 
higher levels of mechanical properties than did the authors in 
irons of essentially the same composition. The most cignificant 
differences were in reported ductilities, as measured by elonga- 
tion in a tensile test. 

Table 3 shows the comparative properties of the irons reported 
by the authors and irens of similar compositions made at the 
University of Michigan. These are plotted in Fig. 16. The two 
lower groups of irons were cast in 1-in. keel blocks and tested 


TABLE 3—COMPARATIVE MECHANICAL PROPERTIES OF 
DuctTILE CAsT IRONS 





Tensile Properties 





Reduc- 
: 0.2% Elon- tion 
Chemical Source& Hard- Tensile Offset gation, of 





Composition Heat ness Strength, Yield, % in Area, 
%C %Si Treatment BHN psi psi 2in. % 
3.42 2.62 None 193 77,650 4.6 

3.36 3.22 197 73,825 3.3 

3.16 4.01 White,Rice, 208 77,525 1.1 

2.93 4.95 & Elsea 248 90,450 0.6 

2.44 5.94 293 45,475 0.05 

3.72 1.21 None 233 103,000 53,000 7.5 5.0 
3.45 1.90 242 109,750 65,500 95 6.6 
3.42 2.27 U. of Mich. 208 95,000 59,000 9.0 62 
3.41 3.36 232 100,000 76625 60 3.7 
2.75 4.43 235 92,250 82,500 45 2.3 
$3.72 1.21 Annealed 114 49,500 32,500 27.5 23.7 
3.45 1.90 137 58,250 41,000 27.0 29.1 
3.42 2.27 U. of Mich. 142 62,800 46,000 23.0 20.0 
3.41 3.36 187 81,625 65,250 140 99 
2.75 4.43 222 96,750 77,000 11.5 82 


The first series of data are from White, Rice, and Elsea. The 
latter data are from University of Michigan. 
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either as-cast or as-annealed to a completely ferritic matrix. It 
will be noted that the most marked deviation in the two sets of 
data, those presented by the authors and those obtained at the 
University of Michigan, was in elongation. The highest elonga- 
tion reported by the authors was 4.6 per cent in the 2.62 per 
cent silicon iron. The ductility decreased with increasing silicon 
content to essentially 0 at 5.94 per cent silicon. Data secured ai 
the University showed a minimum of 4.5 per cent elorigation at 
1.43 per cent silicon, and elongation as high as 9.5 per cent at 
lower silicon contents. 

Likewise, considerably higher tensile strengths were observed 
in irons produced and tested at the University of Michigan. 
The differences in tensile strengths in l-in. kee! castings from 
the two sources are about 25,000 Ib at the 3 per cent silicon level 
and about 10,000 Ib at the 4.5 per cent silicon level. No data 
are available at the University on ductile irons with over 5 per 
cent silicon, but it is difficult to reconcile the marked decrease in 
tensile strength with increasing silicon content over 5 per cent, 
such as is shown by the authors. 

Che microstructure in the castings produced at the University 
were very similar to those reported by the authors. The irons 
contained about 1.25 per cent nickel, which was secured from 
the alloy used in making the magnesium addition. 

Attempts to determine the influence of an alloy such as silicon 
on the mechanical properties of a cast iror encounter many 
complexities, unless a consistent matrix structure is produced 
in all castings, regardless of composition. Silicon has a two-fold 
effect on the structure of the irons, in that increasing silicon con- 
tent decreases the quantity of pearlite in the matrix and at the 
same time increases the hardness and strength of the ferrite. 
Thus, complex changes in properties with variations in silicon 
content will be produced. Proper evaluation of the effect of 
silicon can be obtained, if a consistent ferritic matrix structure 
is produced. This is obvious from examination of the plotted 
data for the irons cast at the University of Michigan and 
fully annealed. It will be noted that the sirength increased 
rapidly with increasing silicon content and decreasing carbon, 
and that the increase in strength was linear. At the same time, 
the elongation decreased with increasing silicon content from a 
high of 27 per cent to a low of 11.5 per cent. 

Considering the data secured at the University, essentially the 
same conclusions as those presented by ihe authors would be 
reached, although the level of properties at the terminal poir'ts 
in the silicon axis would be considerably higher. 

C, C. REYNOLDs: * What was the composition of Prof. Rote’s 
base metal with respect to manganese and phosphorus? 

Mr. Rore: The manganese content was 0.311 or 0.312 and 
the phosphorus was 0.03 or 0.04 per cent. 

Mr. REYNowps: I would like to congratulate the authors ou 
the excellent work they have done on scaling and growth. We 
have been doing work on ductile iron with a wide range ot 
chemical analysis. We differ with Mr. White and also with Prof 
Rote considerably in physical properties obtained. I think this 
is largely because our manganese and phosphorus levels were 
considerably different. 

In the paper the manganese was very high (about 0.7 per 
cent). The phosphorus level was also high, which may be re- 
sponsible for the low elongation. In Prof. Rote’s work with 0.3 
per cent Mn and lower phosphorus, we see that the properties 
improve. For example, at the 314 per cent Si level, the authors 
of this paper had an elongation of less than 5 per cent. Prof. 
Rote increased that to about 13 per cent. We have been able to 
obtain as-cast data with 20 per cent elongation. It is not a simple 
matter of silicon content alone. One must take into account all 
the other elements in cast iron. 

R. SCHNEIDEWIND (Written Discussion):* The authors have 
presented valuable data to the foundrymen on compositions of 
heat and scale-resistant irons with good mechanical properties. 
The data prove the excellent scale resistance beyond doubt. 

The mechanical properties are on the low side due most 
probably to the unorthodox nodulizing procedure. The strengths 
and ductilities would be greater in each of the tests with a 
more common nodulizing alloy. 

Nevertheless the results seem to bear out very well the effect 
of silicon on ferrite. In the accompanying graph (Fig. 17) 


* Massachusetts Institute of Technology, Cambridge, Mass. 
* Prof. Met. Engr., University of Michigan, Ann Arbor, Mich. 
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are plotted the results of Yensen* in dotted lines. These values 
are for fully-annealed pure iron-silicon alloys, carbon-free. These 
figures show the solid solution effect of silicon with a serious 
discontinuity at 2.7 per cent Si which was noted to a less serious 
degree by others who used commercial materials. The strength 
and ductility act normally up to 2.7 per cent Si. Between 2.7 
and 4.5 per cent Si the strength still increases but the ductilit) 
is lower. Above 4.5 per cent Si both strength and ductility dro) 
drastically. 

The data of the authors are plotted on the same graph. Thx 
values for modulus of rupture parallel very closely: the curv 
of Yensen for tensile strength. The White data for tensile is less 
regular but these and the ductilities (plotted 10x actual) do 
follow the Yensen data broadly. 

Since these irons were designed to be used for high tempera 
ture service, it would have been wise to anneal them prior to 
testing for mechanical properties. However, due to the relatively 
high silicon contents, pearlite decomposition is practically com 
plete in the case of higher silicon. The iron with lowest silicon 
has an appreciable amount of pearlite which could readily ac 
count for 10,000 psi greater tensile strength than if the struc 
ture were ferritic. Completely ferritic nodular irons containing 
about 2 per cent silicon will average 60,000 to 70,000 psi. 

The ratio ef tensile strength to Brinell hardness varies with 
silicon content starting with a ratio of 405 at 2.62 per cent 
silicon which is normal for nodular iron. The ratio then levels 
off to 365-372 up to 4.95 per cent and drops suddenly to 154 at 
5.94 per cent silicon. 

Mr. Wuite (Reply to Dr. Schneidewind): The structures of 
our treated irons were all essentially nodular. We deliberately 
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*T. D. Yensen, “Magnetic and Other Properties of Iron-Silicon Alloys, 
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vided the use of nickel and other alloys in order that no other 
\ariable than silicon content should be present. If our method 
of nodulizing was unorthodox, it did accomplish what we in- 
icnded. The difference in physical properties obtained by the 
University and ourselves could be due to the nickel but this we 
question. It is more likely that differences of other elements 
such as manganese and phosphorus may be responsible for the 
yuriation. 

C. F. Watton: * I wish to add my congratulations to the 
suthors on a fine paper. The information presented appears to 
have considerable practical application. It is interesting to note 
ihe change in scaling characteristics between the samples with 
(lake and spheroidal graphite. Do the authors feel that this was 
just a difference in the rate of scaling or was there also a 
change in the Pilling and Bedsworth ratio (ratio of densities of 
parent metal and scale)? 

Mr. Wuite: I wish to thank all who have commented on this 
paper. I think Mr. Reynolds answered almost identically what 
| would have said in reply to Prof. Rote. I think we must re- 
member in this work we did not attempt to show the finest 
properties which can be obtained by the use of nodular or 
spheroidal structure. The one attempt made in this work was 
to evaluate the difference between nodular and plain cast iron at 
different silicon levels. We did not pretend that our phosphorus, 
manganese or any other element was the ideal for the greatest 
tensile strength, elongation or any other property. It is merely 
a question of the difference which you will obtain between the 
two structures in iron which would otherwise be a normal 


‘Asst. Prof., Case Institute of Technology, Cleveland. 
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foundry composition. I feel that it is quite possible that you 
can obtain much higher properties in many cases than we 
obtained. This procedure worked out very well for this compari- 
sen and, as I mentioned before, we were primarily interested in 
these properties, using silicon as the one variable. 

Mr. Etsea (Written Reply): Mr. Walton asked for comments 
on the effects of structural changes on the Pilling and Bedworth 
ratio. The Pilling and Bedworth rule states that if the specific 
volume of the oxide is equal to or greater than the specific vol- 
ume of the base metal then oxidation proceeds according to the 
relationship: 

X* = Ke 
where X is the weight or thickness of metal which is oxidized, / 
is time, and K is the rate constant. The rule says nothing about 
structure, but one would expect that structure would have a 
marked influence on the constant K. For example, a white iron 
would not be expected to scale at the same rate as a graphitic 
iron of the same analysis. 

In the case of gray iron, oxidation takes place at the surface 
and also along the interface between the matrix and the flake 
graphite. Actually the internal oxidation in a flake iron may 
be responsible for considerably more weight change than surface 
oxidation. In nodular iron this internal oxidation occurs much 
more slowly or not at all because there are no channels for rapid 
diffusion of oxygen. In addition to this, the differences between 
nodular and flake iron, with respect to both elasticity and ther- 
mal expansion, will have an effect upon the cracking tendencies 
of the scale. All other factors equal, the greater the tendency 
for the scale to crack, the greater would be the tendency for 
scale to flake off and consequently the faster would be the 
scaling rate. 





U. S. NAVY NON-FERROUS DEVELOPMENT PROGRAM 
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Clyde L. Frear* 


Tue Navy, especially during a national emer- 
gency, is an important purchaser and consumer of 
castings. Approximately three per cent of every com- 
batant vessel is made up of castings, the greater pro- 
portion of which are procured from commercial 
sources. Although nearly every naval shipyard has a 
foundry and some of these foundries are comparatively 
large, their main purpose is to produce those castings 
which cannot be procured from private foundries in 
the time available to effect necessary repairs and over- 
hauls. 

Because of the peculiar operating conditions in- 
volved aboard ship, such as the necessity to withstand 
high pressures in small spaces, vibration from high 
speeds, shock from hits and near misses in combat, the 
necessity for holding weight to a minimum consistent 
with the loads to be carried, in other words the utmost 
in reliability per unit weight, specifications and in- 
spection requirements are rather strict insofar as physi- 
cal properties and freedom from defects are concerned. 


Early Casting Development 


Because of excessive failures experienced in steel 
castings shortly following World War I, and the diffi- 
culty of obtaining castings which would stand up in 
service, the Navy Department instituted a rather ex- 
tensive and exhaustive program of development at the 
Naval Research Laboratory. As an outcome of this 
development, several papers by personnel of this lab- 
oratory and from one of the naval shipyards}:?.3.4.5 
presented what was evidently the first really quantita- 
tive treatises on steel casting techniques. These papers 
did much to lay the groundwork for considerable sub- 
sequent work by private foundries and_ technical 
societies which tended to place the steel casting indus- 
try on a scientific basis and opened the way for a long 
program of development on this phase of the subject, 
as well as to indicate development procedures for 
other types of castings. 


* Senior Materials Engineer, Bureau of Ships, Department of 
the Navy, Washington, D. C. 

The opinions expressed herein are those of the writer and do 
not necessarily express the views of the Department of the Navy 
or the United States Government. 
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The use of radium for gamma radiography was also 
developed at the Naval Research Laboratory. For a 
number of years, this was the only nondestructive 
method of testing castings for the presence of internal 
defects as no X-ray equipment had been developed 
with sufficient power to penetrate heavy sections. Th« 
Navy has also been instrumental in the further devel- 
opment and standardization of the various other meth- 
ods of nondestructive testing. 

The Navy is a large user of non-ferrous castings, 
chief among which are the normal tin bronzes such as 
gun metal, hydraulic bronze, and ounce metal. These 
metals find their chief use in piping systems for salt 
water, also for fuel systems where corrosion resistance 
is required in conjunction with ductility to resist 
breakage under shock. Laboratory tests, also use in 
actual service over a long period of time, have shown 
that the tin bronzes possess better resistance to corro- 
sion by sea water in rapid motion than do any other 
non-ferrous metals or alloys and, for this reason, are 
usually specified for this particular service. 

As has been found by every other user of tin bronze 
castings, one of the difficulties which is experienced 
almost continuously with this class of material is seep- 
age, weeping or leakage of pressure castings, such leak- 
age occurring sometimes through unmachined walls. 
but more often through those areas which have been 
machined on one or both sides, and especially through 
bolt holes or through valve seats. If this leakage could 
be discovered before any machining operations were 
performed, rejections could be made at the foundry 
and costs kept to a minimum. Usually, however, such 
leakage does not show up until a considerable amount 
of machining has been accomplished, sometimes not 
until the part has been completely machined, and 
often not until it has been mounted in the final assem- 
bly. In such cases, it is not hard to realize that the 
losses due to leakage may amount to several times the 
first cost of the castings. If we could be assured of 
sound castings, we could often pay several times the 
usual purchase price and still save money on the com- 
pleted job, not to mention a considerable saving in 
time. 

During World War II, the Navy Department often 
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had other considerations besides cost. In many cases, 
the extensive shipbuilding program was in serious 
danger of being delayed because of the non-receipt of 
parts containing bronze castings, the non-delivery usu- 
ally being due to castings which showed the usual 
leakage after being machined. A considerable amount 
of the writer’s time was spent at various foundries in 
an attempt to obtain a quick correction of the foundry 
difficulties in order to produce castings of acceptable 
soundness. That he was able to succeed in this mis- 
sion in numerous cases was due mostly to good fortune 
as a study of the foundry literature gave little help in 
the particular cases involved. True, there had been a 
large number of papers published, but much of the 
information was contradictory, and little of it was of 
mathematical precision. In plain and simple words, 
founding, especially of bronzes, is still mostuy an art, 
little science, with a large amount of luck, often bad, 
thrown in. 

In order to obtain usable castings in many instances, 
it betame necessary to resort to impregnation. It is 
true that impregnation will often aid in producing 
acceptable castings, provided the leakage is due to 
small amounts of scattered shrinkage, but it appears to 
the writer that it is a rather poor substitute for sound- 
ness, provided it is possible to obtain satisfactory ab- 
sence from defects. Usually this is possible, sometimes 
at a slight increase in cost, perhaps at no extra cost. 
In one case in the writer’s experience, the foundry 
procedure required to produce a perfectly sound cast- 
ing was actually about half the previous cost of mak- 
ing a poor casting. 


Non-Ferrous Development 


In an attempt to improve the general quality of 
bronze castings, the Bureau of Ships has initiated a 
rather comprehensive series of development projects 
aimed, first at learning the real cause of defects, espe- 
cially the mechanism by which the interdendrite 
shrinkage forms; secondly, to develop methods of 
eliminating such shrinkage; and finally, to standard- 
ize, insofar as practicable, the foundry techniques nec- 
essary to produce castings with the desired absence 
from defects. Except in a very few cases where the 
information derived from this development might 
affect the national security, the results will be pub- 
lished in the technical press in order that industry 
may have the benefit of the findings. The savings re- 
sulting from procurement of castings having improved 
soundness should amount to many times the cost of 
the development. 

As stated above, interdendritic shrinkage is prob- 
ably the most common type of defect found in tin 
bronzes. It is sufficiently common that it is considered 
to be an inherent defect in this type of non-ferrous 
alloy. If this is the case, however, how can we account 
for heats which every foundry obtains now and then, 
which shrink with a deep pipe in the risers and con- 
tain nothing but gross shrinkage, much as occurs in 
insufficiently fed steel and brass? 

The writer has noted a tendency to blame interden- 
dritic shrinkage upon the wide solidification range as 
shown in the copper-tin equilibrium diagram, but 
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here again, this does not account for those few melts 
having the same composition and made by the same 
foundry techniques, insofar as we can determine, but 
which have shrinkage tendencies like the more normal 
shrinking alloys, and show no traces of interdendritic 
shrinkage. It seems evident that something has hap- 
pened in these heats which has changed the mechan- 
ism of the dendritic growth, or, if not the shape of 
the dendrite, at least the speed of individual dendritic 
growth. It appears possible that we may find some 
element or combination of elements which, when pres- 
ent in small amounts, can change entirely the mech- 
anism of dendritic growth from apparently rapidly 
growing branches to a more solid growth which can 
permit feeding of the whole casting, provided, of 
course, that we provide this necessary feeding. Hesse* 
found certain indications pointing to this possibility 
when he added nickel to gun metal. The chief disad- 
vantage of using nickel, however, is that if we use 
enough to correct the shrinkage characteristics en- 
tirely, the tin content will be reduced below the per- 
centage required to give the desired resistance to salt 
water corrosion. This statement is based upon the 
usual replacement of a definite percentage of tin by 
an equal percentage of nickel. 


Development Projects 


The following development projects, initiated by 
the Bureau of Ships, are now in effect at various naval 
shipyards: 

1. Determination of rates of solidification of 
bronze castings and methods of their control, 

2. Study of convection currents in molds, 

3. Study of various methods of melting, molding 
and pouring to eliminate defects, 

4. Application of radiography to bronze castings. 

This series of projects was initiated in an attempt 
to determine the mechanics of solidification, chiefly 
concerning the method of dendritic growth; also to 
determine the possibility and the practicability of 
altering the method of growth, in order to provide 
improvement in feeding between the dendritic 
branches; finally to study the cooling of metal in the 
molds and to derive methods of controlling the direc- 
tional solidification. It has been the experience of 
many foundrymen that certain castings designed to 
provide correct directional solidification, and molded 
to provide complete feeding, still contain shrinkage 
after the castings have solidified. This may be due to 
the failure of the metal to follow the expected path 
through the mold cavity, thus upsetting the thermal 
gradient which had been carefully calculated and 
applied. The possibility of this is shown by moving 
pictures on gating produced by Johnson and Baker at 
the Naval Research Laboratory.7* Step gates have 
been used for years, supposedly to provide hot metal 
at the top of a casting and still utilize certain advan- 
tages inherent in bottom pouring. Their use was predi- 
cated upon the belief that, when the metal reached 
the next higher ingate, it would then enter the mold 
cavity through this higher gate and cease to flow 
through the lower one. The moving pictures men- 
tioned showed that, contrary to this assumption, the 





350 


metal would continue to flow through the lower in- 
gate, returning to the down gate through the upper 
gates. This work was one of the first to show positively 
what happens when metal is flowing into a mold. Con- 
siderably more positive information is needed before 
we can calculate with any degree of certainty just what 
will happen to the metal within the mold cavity, and 
before we can lay out the correct system and sizes of 
gates, sprues and risers for any specific design. 

The third project mentioned above is being con- 
ducted in regular production work and consists in 
determining the effects of the different variables upon 
the properties and the soundness of the various cast- 
ings, as determined by regular physical tests, by radi- 
ography, by microradiography, by density measure- 
ments and by hydrostatic tests, in the as-cast condition 
and after removing specific thicknesses from one or 
both surfaces. In this connection, low voltage x-ray 
examination of cross-sections (lg to 4 in. thick), 
microradiography and pressure tests after machining 
appear to be the most effective methods yet devised for 
determining the presence. of internal shrinkage and 
its distribution within the casting. 

These projects are being continued, the rate of 
progress depending upon the work load at the particu- 
lar activities and also to a great extent upon the funds 
available. One outstanding paper, in the writer's opin- 
ion, which resulted directly from one of these projects 
was by Ames and Kahn® which presented proof of the 
narrow pouring range for the tin bronzes if we are to 
obtain castings of even comparative soundness. These 
findings were essentially further proof of opinions 
which had been published previously. 


Temperature of Molten Bronze 


Perhaps the most important thing accomplished by 
this work so far is the realization of the fact that we 
have no practical equipment for accurately measuring 
the temperature of the molten bronze. True, we have 
immersion pyrometers which are more or less portable 
but which can be used but a comparatively few sec- 
onds at a time, for determining metal temperature in 
the ladle only, and usually only before starting to 
pour. We have no equipment which is satisfactory for 
determining temperatures of the metal while it is in 
the furnace being melted or heated, or during the 
actual pouring operation. It is intended to initiate a 
project to develop equipment for the accurate and 
continuous measurement of the metal in the furnace, 
and to record this temperature during the melting 
cycle; also to measure the temperature in the ladle 
during the pouring in order that pouring can be 
stopped if the temperature falls below the satisfactory 
range for the particular casting being poured. 

It has been fairly well established that good metal 
is necessary if we are to obtain good castings, even 
though it does not necessarily follow that good metal 
will always produce good castings. Because of the 
necessity for good metal, it appears highly desirable 
to develop a test to determine the quality of the metal 
while it is in the furnace, and before it has been 
poured into the molds. To be practical, such a test 
would have to be low in cost and be rapidly com- 
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pleted, yet give a positive indication as to whether th, 
metal in the furnace is capable of producing a good 
casting, provided of course, that all other conditions 
are correct. These requirements for speed and econ- 
omy would naturally preclude the use of tensile test 
bars for this purpose, but would probably permit the 
use of hydrostatic or other pressure tests and might 
possibly permit the use of x-rays. 


Improvement in Feeding 


As many of the difficulties experienced with bronx 
castings could be traced to the lack of complete feed- 
ing, the Bureau of Ships, during World War II ini- 
tiated at the Naval Research Laboratory, a project to 
develop methods of keeping bronze risers open to the 
atmosphere, thereby permitting feeding as long as 
the casting itself contained any liquid metal. The 
direct result of this project was the development ot 
the gypsum riser sleeve reported by Taylor and 
Wick.'® Although this sleeve gave excellent feeding 
in most cases, it could not be used with high-nickel 
bronzes or with monel metal, or with alloys requiring 
high pouring temperatures. There are two other dis- 
advantages to the use of these gypsum sleeves, first, the 
foundry using them has to set aside a part of the 
foundry or the core room in which to make them, and 
an oven in which to bake them. This would be a dis- 
tinct handicap in some of the smaller foundries where 
space is at a premium. The chief disadvantage, how- 
ever, lies in the extreme fragility of these sleeves and 
the consequent ease with which they revert to a pow- 
der, making it almost impossible to keep the gypsum 
out of the sand system. The presence of much of this 
material in the sand would have a very deleterious 
effect upon most molten metals coming into contact 
with it, especially after it had had a chance to become 
moist in the sand heap. 

With the disadvantage of the gypsum sleeve in 
mind, the various naval shipyards were requested to 
attempt to find another material which would be suit- 
able for the purpose, but which would be free from 
the inherent disadvantages mentioned. The Puget 
Sound Naval Shipyard!! reported suitable mixtures 
of infusorial earth, bentonite and plastic as having 
good insulating properties, suitable strength, high tem- 
perature refractoriness, and containing nothing which 
would combine chemically with the molten metal. 
Doubtless there are other materials which would be 
suitable for the purpose, which could be produced 
commercially and shipped in volume and which could, 
therefore, be purchased ready made in suitable sizes 
and shapes, thus eliminating the need of preparing 
them in the foundry. 


Molding Materials 


It is probably true that moisture in the mold may 
have considerable effect upon the soundness of a 
bronze casting poured into that mold. Tests have fur- 
ther indicated that the presence of water of hydration 
and perhaps even of hydrocarbons or other organic 
compounds containing hydrogen remaining in baked 
cores and dry sand molds may cause porosity. If such 
is the case, it appears that something should be done 
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to develop a molding material, or a mold and core 
binder which would contain no water, either free or 
combined, or other hydrogen compounds at the time 
the metal is poured into the mold cavity. The so- 
called “C” process, which originated in Germany, but 
which is being further developed in this country may 
be a partial answer to this problem, even though plas- 
tics used as bonding materials contain hydrogen com- 
pounds. These may not be harmful, perhaps because 
they may not decompose to form nascent hydrogen, or 
because such decomposition may lag behind the solidi- 
fication of the alloy poured into contact with them. 
The Navy’s part in the development of this process 
has been partially reported by Ames, Donner and 
Kahn.!” 
Radiographic Examination 


Radiographic examination, by x-rays and gamma- 
rays has proved itself to be a very useful inspection 
tool to determine the presence of internal defects in 
steel castings. Considerable development work is be- 
ing conducted at present to determine the applicabil- 
ity of radiography to the inspection of bronze castings. 
It is known that it is capable of showing the presence 
of massive defects such as gas holes and large shrink- 
age cavities. Because the rays fail to indicate heter- 
ogeneities or discontinuities smaller than approxi- 
mately two per cent of the wall thickness of the part 
being tested, they will probably fail to indicate the 
individual microscopic shrinkage cavities which make 
up most of the interdendritic shrinkage. By careful 
work and accurate interpretation of results, it has been 
found possible to detect the presence and show the 
extent of such shrinkage porosity which shows as a 
general darkening of the affected areas on the radio- 
graphic negative. Considerably more development will 
be required before radiography can become a com- 
pletely suitable tool for the inspection of tin bronzes. 

One very successful use, however, is the application 
of radiography to determine the relative soundness of 
a bronze casting which leaks or seeps under pressure 
tests and which it is desired to impregnate. Pressure 
tests by themselves prove only whether a casting leaks 
or is apparently sound. It gives no indication as to 
whether the leakage is due to microscopic porosity, to 
gross shrinkage cavities, to cracks or to other defects. 
The old procedure of permitting impregnation of 
“weepers” and “seepers,” but rejecting outright the 
so-called squirters has been found to be an unsuitable 
criterion. Numerous castings which show but slight 
tendency to seep under high pressure have been shown 
to consist of two chilled skins with but a slight lattice 
of metal in the remainder of the wall. Other castings, 
which leaked fairly large streams were found to con- 
tain very slight shrinkage porosity or a single micro- 
scopic channel through the wall. Radiography has 
been found to give an accurate indication of the actual 
internal continuity, upon which indication, permis- 
sion to impregnate can be safely based. 


Conclusions 


The above statements have been offered to express 
the writer’s thoughts and opinions concerning develop- 
ment which is considered necessary or desirable at the 


present time to effect immediate improvement in the 
general quality of bronze castings. The projects listed 
or described do not include all desirable projects, nor 
is the Bureau of Ships at present conducting actual 
work on all of them. Furthermore, the listing of these 
desirable projects should not be construed as a desire 
on the part of the government to be the sole agency 
to conduct research and development on these specific 
phases. The Bureau of Ships will be pleased to obtain 
suggestions for additional development projects which 
will aid in the general improvement in quality and 
procurement of bronze castings. 
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DISCUSSION 


Chairman: B. N. Ames, New York Navai Ship Yard, Brooklyn. 

Co-Chairman: J. W. Boiron, The Lunkenheimer Co., Cin- 
cinnati. 

P. C. Butter: * Has the Navy considered using molds at tem- 
peratures up to 1200 to 1400 F with plaster and silica as molding 
agent such as we use in precision casting? 

Mr. Frear: How heavy a casting can you pour in a plaster 
mold heated to that temperature? 

Mr. Butter: I have seen some that weighed several hundred 
pounds. 

Mr. Frear: In that case, we should consider it. I might men- 
tion that Navy castings run from a fraction of an ounce to a 
hundred tons, 

G. P. HALLIWELL:* Have you investigated the material that 
Battelle Memorial Institute has been using in their clay molds 
which baked at 1600 F for a number of hours? 


1 Chief Metallurgist, Arwood Precision Casting Corp., Brooklyn. 
2 Director of Research, H. Kramer & Co., Chicago. 
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Mr. Frear: We have not. 

Mr. HALLIWELL: According to Battelle there is no moisture. 
Have you used the fracture test that is being worked on under 
the sponsorship of the A.F.S. Brass and Bronze Division Research 
Committee at the University of Michigan? 

Mr. Frear: The work being done at the University of Michi- 
gan through this Committee's sponsorship is a wonderful job. 1 
believe the fracture test to be one of the best methods for deter 
mining the quality of metal while it is still in the furnace. I 
am inclined to believe that not many of us have seen fractures 
of bronze castings which are free from gas. I have seen but few 
myself. We should have some standards which will aid the 
foundryman in determining with surety whether he has gas-free 
metal, or the approximate amount of gas present. 

J. W. Botron: * The author infers that if a steel casting is 
radiographically sound, it is a good and acceptable casting. Cat 
rying that inference further, it you had one radiographed and 
acceptable according to that standard, it would be a very good 
casting. We in the steel casting business know that, while radiog- 
raphy is a good and useful tool it tells only a small part of the 
story. Taking your bronze casting, if radiography is over- 
emphasized, a great dis-service might be done. 

Mr. Frear: We have to consider the sensitivity limits of our 
equipment. X-rays (or gamma rays) which will penetrate | in. 
of bronze, will not show a discontinuity smaller than approxi- 
mately 1 per cent of the wall thickness. Actually we are for- 
tunate if we get 1 per cent sensitivity in the l-in. wall. This 
means that if the defect is smaller than 0.01 in. we will not see it. 
As individual discontinuities forming interdendritic shrinkage 
are smaller than that, we will not see them as separate defects. 
They will appear as an overall darkening of the film extending 
as far as the porosity extends. We are not sure of our inter- 
pretation yet. 

MR. BOLTON: You seem to beg the issue on the small internal 
cracks not discerned in radiography. Certain conditions of cen- 
terline shrinkage are there. The castings are unsound and there 
is a plane of weakness there. How are you going to get around 
that? 

Mr. Frear: A large number of defects in bronze are large 
enough. to see by radiography. There is no difficulty in interpret- 
ing these as definite discontinuities. Even in steel castings we 
get defects fine enough that we cannot see them on any radio- 
graph. Radiography is not the entire answer to inspection but 
has to be tied in with other methods. As far as I am concerned, 
the Navy will try out every method of non-destructive inspection 
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that comes to our notice. Every one which we find satisfacto:\ , 
and useful, we will probably require in our testing where we 
need the highest quality of casting. 

S. W. CHAPPELL: * What program has the Navy undertaken ‘0 
substitute aluminum bronzes for manganese bronzes? 

Mr. Frear: The Navy, at least the Bureau of Ships, has insti 
tuted no program to substitute aluminum bronzes in place of 
manganese bronzes. While it does not bear on this question, I 
want to repeat that we will do anything practicable to cut down 
on the use of tin, keeping in mind, however, the necessary re- 
sistance to corrosion in moving salt water. 

Although there is no program for substitution of aluminum 
bronzes for manganese bronzes, there is a tendency and a desire 
to go to higher strength materials, such as using aluminum- 
manganese bronze for the present manganese bronze. 

Mr. CHAPPELL: The reason I asked is because that has becn 
done in most outboard structural bronze. I heard that during 
an overhaul some cracked castings were found. They knew 
not the source of the castings. I do not Know whether they 
determined whether the castings were cracked originally or 
whether they cracked under stress. We ourselves had not found 
such failures in manganese bronze. 

Mr. Frear: I believe the failures to which you refer may be 
those in aluminum-manganese bronze where the zinc content is 
on the high side, with the result that an excessive amount of beta 
solid solution is formed. This excessive beta tends to cause stress 
corrosion failures. It has been found necessary to keep a careful 
balance between the aluminum and zinc content in order that 
the beta constituent will be kept below certain maximum limits. 

Mr. CHAPPELL: I question whether or not the cracks in these 
castings were not shrinkage cracks originally in the castings. 

J. J. Mayer: *® Aluminum bronze withstands alkaline action. 
Aluminum dissolves out in salt water whereas manganese bronze 
withstands salt water corrosion. Perhaps there could be a substi- 
tution. We are replacing many tin bronzes with manganese 
bronze which is a solid solution and we do not have this inter- 
dendritic condition to deal with. 

Mr. Frear: There are many plans where substitutions can be 
made. We tried aluminum bronzes, silicon bronzes, in fact just 
about every copper-base alloy that exists. As far as I have been 
able to determine, nothing resists corrosion from sea water, mov- 
ing at high speed, as does a copper-tin alloy with at least 5 per 
cent tin; hence the continuing use of gun metal and similar 
alloys. 


*Supt. of Foundries, Electric Boat Co., Groton, Conn. 
5 Vice President, Lumen Bearing Co., Buffalo. 
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STRUCTURE AND MECHANICAL PROPERTIES 
OF A MO-NI-CR CAST IRON 


By 


Edward A. Loria* 


ABSTRACT 


Information is given on the microstructure and mechanical 
properties of 1.2-in. diameter bars of a gray iron containing 
2.77 per cent total carbon, 1.40 per cent silicon, 1.40 per cent 
molybdenum, 1.00 per cent nickel, 0.50 per cent chromium as- 
cast and after tempering at 400 F, 600 F and 700 F. The matrix 
is a mixed structure consisting mainly of acicular ferrite and a 
dark-etching network pattern of low temperature transforma- 
tion producis (lower bainite and possibly martensite) arising 
from dendritic segregation of allcying elements. An as-cast 
tensile strength of 72,500 psi with a transverse strength of 5600 
lb and accompanying deflection of 0.48 in. was obtained. The 
tensile strength was raised to 98300 psi upon tempering. The 
mechanical test data show that this acicular iron has an as-cast 
and reheat strength that is comparable with the best of the 
acicular irons now in use. 


Introduction 


CAST IRONS WITH AN ACICULAR STRUCTURE in the 
matrix and, of course, fine randomly distributed 
graphite, have the highest strength of any irons 
commercially available at the present. Molybdenum- 
nickel acicular irons are the most common type, 
the alloy content being adjusted in relation to the 
cooling rate or size of the casting so that the aus- 
tenite transforms to an acicular product at about 
900 to 500 F rather than forming pearlite at higher 
temperatures or martensite at lowcr temperatures. 
Flinn and Reese,! working with nickel-molybdenum 
alloyed iron with 2.50 per cent total carbon and 2.50 
per cent silicon, have shown that high mechanical 
properties may be obtained if the matrix structure 
of the iron is acicular. They also pointed out that 
the combined carbon in the matrix must be eutec- 
toid composition to form a truly acicular structure. 
In order to produce this eutectoid composition (0.70 
to 0.90 per cent carbon range), a proper balance be- 
tween the total carbon and silicon must be main- 
tained. 

The lower strength irons with tensile strengths 
from about 45,000 to 55,000 psi are being widely 


* Formerly with Mellon Institute of Industrial Research, Pitts- 
burgh, presently in the Research Dept., Carborundum Co., Niag- 
ara Falls, N. Y. 
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produced today. Most of these irons are made with 
a relatively low carbon content (between 2.7 and 
3.2 per cent), which is low enough for good strength 
but not so low as to cause casting difficulties. The 
silicon content is usually between 1.25 and 2.75 per 
cent (with the higher amounts corresponding to the 
lower carbon contents and smaller sections), which 
is sufficient to prevent chilled spots without an ex- 
cessive reduction in the combined carbon. 

Inoculation is generally employed to insure a ran- 
dom distribution of the graphite flakes, while suitable 
alloys may be added to give a fine lamellar pearlite, 
with little if any free ferrite or cementite, and to 
increase the strength to the required amount. Not- 
withstanding, mold cooling is so slow that it is 
practically impossible to form an acicular structure 
in unalloyed gray iron. The addition of molybdenum 
and nickel delay the initiation of the pearlite re- 
action on cooling and allow the retention of the 
austenite down to the 500 to 900 F range where, if 
the mold cooling rate is satisfactory, the acicular 
structure will be formed?. 

In order to devise a composition for high strength 
iron it is obvious that a low carbon equivalent is 
required. For the sake of castability and minimum 
shrinkage it is desirable to choose the higher carbon 
and lower silicon. Of the alloying elements, molyb- 
denum and chromium appear to be the most potent 
strengtheners. Much work has been done on the 
alloying of cast iron but the results have not been 
well systemized so that the foundryman who uses 
alloys does so as a result of his own experience. The 
effect of a given quantity of a given alloy is not yet 
too well known. In many cases, alloys are mixed so 
that, for example, the chill promoting tendency of 
chromium is counteracted by a chill reducing tendency 
of nickel and the two alloys, combined, affect the 
strength of the resultant matrix, Table 1 lists data 
available in the literature on the chemical com- 
position and mechanical properties of acicular iron 
as-cast comparable to those to be given in this paper. 

The present work was undertaken in order to 
examine the structure and properties of a triple alloy 
iron when cast in the customary 1.2-in. diameter bars 
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TABLE 1—CHEMICAL COMPOSITION AND MECHANICAL PROPERTIES OF SOME ACICULAR Cast IRONS 

Analyses, % As-Cast 
pie F te: Transverse Tensile 
TC cc Si Mo Ni Cr Load, Defi. Brinell, Strength, Ret 
Ib in. BHN psi 

2.30 0.75 231 1.36 1.03 4700 0.33 321 71800 (1) 
2.70 0.85 1.70 0.90 0.45 0.55 4500 260 65000 (3) 
2.49 0.66 2.71 1.03 1.01 5440 0.57 80500 (4) 
2.60 2.35 1.10 1.10 300 65000 (3) 
2.65 2.48 1.15 1.21 5900 0.49 288 72700 (3) 
2.75 2.75 0.75 0.75 269 65000 (3) 
2.75 1.50 1.00 286 56500 (3) 
2.34 0.65 2.64 0.97 2.93 0.25 375 78250 (5) 
2.34 0.65 2.64 0.97 2.93 0.25 418 71500 (5) 
2.65 2.60 1.12 1.12 0.15 7300 305 67500 (6) 


Based on 1.2-in. diameter bars for transverse tests, 0.80-in. diameter tensile specimen. 





and after a low temperature reheating as it has been 
shown that the as-cast strength of acicular iron is 
increased by tempering at 500 to 700 F for 5 hr 
or more!-*. The iron was melted in a cupola with 
60 per cent steel in the mixture and the necessary 
alloying done in the cupola and ladle to produce 
the following composition: 





rc . cc Gc Si Mo Ni Cr 
2.77 0.70 207 1.40 140 ~—«*21.00 0.50 





in order to avoid reduced strength due to low pour- 
ing temperatures,’ the test bars were cast at 2750 to 
2800 F. The transverse loading tests were made on 
the 1.2-in. diameter bars broken on the 18-in. cen- 
ters and the tensile tests were machined therefrom to 
a 0.80-in. diameter, both tests being made according 
to ASTM specifications. Brinell hardness measure- 
ments and microstructural examination were made 
on the cross-sections. Tempering of the bars at 400 F, 
600 F and 700 F for 5 hr was carried out in a con- 
trolled atmosphere furnace. 


Structural Observations 


Representative photomicrographs of the as-cast 
structure are shown in Fig. 1 to 3. It is evident in 
Fig. 1 that the graphite size is small and the distri- 
bution of the interdendritic type, whether it b« 
examined in an area containing a small amount ol 
primary carbide or in one containing a large amount. 
Figure 2 portrays the etched structure from the same 
two areas. The presence of primary carbide particles 
and a dendritic network pattern is apparent. Thes« 
outlines of cross-sections of dendrite arms occur owing 
to the fact that segregation of alloying elements dur- 
ing freezing is much more pronounced with respect 
to dendrite core and interarm areas than it it with 
respect to centers and boundaries of entire grains**. 


** There is a further response of the primary dendritic struc- 
ture to cooling rate. This is the effect of the direction of heat 
flow on the orientation of dendritic growth. The extent of 
directional growth depends, of course, in the intensity of the 
thermal gradient developed. In a round bar cast in sand the 
dendrites near the surface will be more or less radial in ar- 
rangement whereas toward the center the distribution becomes 
random. 





A. Area with small amount of primary carbide. 





B. Area with large amount of primary carbide. 


Fig. 1—Graphite structures in Mo-Ni-Cr cast iron. Unetched. x100 














E. A. Loria 


Figure 3 shows the matrix structure at higher mag- 
nification. The predominantly upper bainitic (acicu- 
lar ferrite) structure within the network and also 
the finer, darker and less resolvable areas of lower 
temperature products (lower bainite) arising from 
alloy enrichment at the cross-sections of dendrite arms 
can be seen in each photomicrograph. In effect, there 
is a gradation from the truly acicular ferrite to an 
almost martensitic structure around the carbide par- 
ticles. Eagan* reported a similar mixed structure 
for an alloyed gray iron of different composition and 
believed that the “pseudo-dendritic pattern’ was an 
indication of combined carbon segregation; that is, 





A. Same area as Fig. 1A. Note dendritic network. 
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areas higher in combined carbon etch darker than 
those of lower carbon content, thus revealing the 
original dendritic pattern of the metal. According 
to Eagan, when carbon was diffused more evenly 
throughout the matrix, no such pattern can be seen. 

Evidence of dendritic segregation in this acicular 
iron is shown by the dark cell-like outlines. Segre- 
gation always occurs during the freezing of an alloy, 
the segregation is more severe in some cases than 
others. In other words, some elements are more prone 
to segregate than others and consequently the re- 
sulting structure in areas where segregation occurs 
will be different. Further, some elements are in- 





B. Same area as Fig. 1B. 


Fig. 2—Matrix structures in Mo-Ni-Cr cast tron. Picral etch. x100 





A. Area with acicular ferrite and lower bainite. 
Fig. 3—Matrix structures in Mo-Ni-Cr cast iron. Picral etch. x500 





B. Large amount of primary carbide and lower bainite. 
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herently slower to diffuse through iron than are 
others. Typical are elements with atoms similar in. 
size or larger than iron atoms such as manganese, 
nickel and molybdenum. Small atoms such as carbon 
diffuse thousands of times faster; thus, for example, 
plain carbon cast steels are usually less segregated by 
the time they cool to room temperature than are alloy 
cast steels. This has been illustrated in the work of 
Hawkes and Brown,® Loria, '!° Timmons!! and Wilks, 
Avery and Cook.'” 

Because of the known higher hardness of lower 
bainite over that of the higher temperature trans- 
formation products, a microhardness survey was made 
as an aid in identifying the observed microstructures. 
A Tukon microhardness tester equipped with a 
Vickers pyramidal diamond indenter operating on 
a 25-gram load gave a range of 275 to 305 VPN 
(average 285) for the acicular ferrite regions and a 
range of 375 to 465 VPN (average 410) for the dark- 
etching, lower bainite network. 


Mechanical Properties 


The tensile, transverse and hardness data obtained 
for the triple al.oy iron bars whose microstructure 
has just been discussed are contained in Tabie 2. 
Each value listed therein is an average of three or 
more tests. The data reported by Flinn! on an iron 
which is quite similar as far as carbon equivalence 
and alloy content (exclusive of chromium) are con- 
cerned are included therein for compariscn purposes. 
The as-cast mechanical properties of the moiybdcnum- 
nickel-chromium iron are noteworthy in that an 
average tensile strength of 72,500 psi with a transverse 
strength of 5,600 lb and accompanying deflection of 
0.48 in. is obtained. Tempering produces markedly 
improved tensile properties, the stren,th being m 
creased 19.0 per cent by a 5-hr draw at 400 F, 35.6 
per cent by a 5-hr draw at 600 F, and 35.2 per cent 
by a 5-hr draw at 700 F. 

These data are compared to those obtained by 
Flinn? on a molybdenum-nickel iron with an as-cast 
tensile strength of 71,860 psi which was increased b 
17.0 per cent, 36.5 per cent and 35.4 per cent after 
similar tempering treatments. The ground mass of 
an acicular iron always has some retained austenite 
which is Lest removed by tempering aitcr cooling to 
room temperature. It is believed that the improve- 
ment in mechanical properties is a consequent result. 
Possibly, the tempering of any lower bainite or 


TABLE 2—MECHANICAL PROPERTIES OF ACICULAR 


MECHANICAL PROPERTIES OF A Mo-N1i-Cr Cast [Ron 


martensitic structures such as were seen around th: 
primary carbide particles may have contributed also 
to the observed increase. Metallographic examination 
of the tempered test bars revealed no significant 
changes in the structures depicted in Fig. 1 to 3. 
Only high temp<rature, long time homogenizing 
treatments would break down the carbide particles 
and broaden (dilute) the network. Consequently 
this would be impractical under the circumstances. 


Summary 


The microstructure and mechanical properties of 
1.2 in. diameter arbitration bars of a particular gray 
iron containing 2.77 per cent total carbon, 1.40 per 
cent silicon, 1.40 per cent molybdenum, 1.00 per cent 
nickel, 0.50 per cent chromium as-cast and after 
tempering at 400 F, 600 F and 700 F have been pre- 
sented and analyzed. The matrix reveals a mixed 
structure of mainty acicular ferrite and a dark-etch- 
ing network pattcrn of low temperature transforma- 
tion products (lower bainite and possibly martensite) 
arising from dendritic segregation of alloying ele- 
ments. During freezing all substances dissolved in 
the iren tend to be rejected to the grain boundaries 
or dendritic fillings to form a high concentration on 
a microscopic scale. The rate of diffusion of most 
alloy constituents is too slow to permit dispersal of 
this segregation. Thus, the iron is made up of low 
alloy and high alloy portions. The low alioy parts 
transform rather rapidly, but as the alloy content 
incrcascs, the transiormation is more sluggish until 
the highest concentrations are still austenitic when 
casting is comp.ete. An as-cast tensile strength of 
72,500 psi with a transverse strength of 5,660 lb and 
an accompanying deflection of 0.48 in. was obtained. 
This strength was raised from 86,300 psi to 938,000 psi 
upon tempering {rom 400 to 700 F. Probably the im- 
provement was brought about by the removal of any 
retained austenite and the tempering of the lower 
bainite (martensite) structures. 
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DISCUSSION 


Chairman: V. A. CrosBy, Climax Molybdenum Co., Detroit. 

Co-Chairman: R. SCHNEIDEWIND, University of Michigan, Ann 
Arbor, Mich. 

J. S. Vanick (Written Discussion)’ : The term “segregation” 
in connection with metals and alloys has been too frequently 
associated with undesirable characteristics and with the concen- 
tration of undesirable elements. In this case, cast iron is known 
to freeze with a eutectic carbide structure which assembles in a 
cell-like pattern and, as such, the structure is not regarded as 
“segregated.” It is obvious that when this occurs in a cast iron 
in which the carbide component may not have time to diffuse 
after partially or completely breaking down, some areas in its 
structure will retain these residues. The microstructure in the 
neighborhood of these residues will be correspondingly en- 
riched in carbon. The micrographs shown seem to bear out 
this feature, and Eagan’s experiments which are referred to in- 
dicate that the carbon enrichment can be diffused if such dif- 
fusion is desirable cr necessary. 

In this connection, Eagan seems to have proven a point 
which the author chooses to disregard and to label the condi- 
tion with his own unfortunate terminology, lending confusion 
to the situation and creating an impression among the inex- 
pert that an undesirable structure (segregation) occurs in the 
material. 

I would favor a revision of the text in which the normal 
crystallization of cast iron into the carbide eutectic structure is 
recognized, and Eagan’s point concerning its diffusion empha- 
sized unless the author has other evidence of his own proving 
that the “segregation” is actually a concentration of undesirable 
elements or an enrichment of desirable elements remaining as 
a residue of slow diffusion. 

T. E. EaGan (Written Discussion):* Gray irons with the acicu- 
lar structure have been used by several companies so that we 
now have a considerable amount of practical information about 


1 Research and Development Div., the International Nickel Co., Inc., 
New York 
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them. The iron offered by the author should be reviewed in the 
light of the information now available. The available knowledge 
has been magnificently presented by Finlayson.” 

In the first place, the author presents the results obtained in 
1.2-in. arbitration bars and has not apparently given considera- 
tion to the fact that the acicular irons are all section sensitive. 
This could lead practical foundrymen and others who are not 
acquainted with this type of iron into trouble. 

In the second place, any alloy addition to gray iron should be 
economical. Flinn and Reese'* have shown that results as good 
as reported here can be obtained by 0.75-1.00 per cent molyb- 
denum with varying quantities of nickel depending on the 
section thickness of the casting. The author presents metal with 
1.36 per cent molybdenum in one case and 1.40 per cent molyb- 
denum plus 0.50 chromium in another which from an economi- 
cal standpoint makes the results obtained of academic interest. 
Furthermore, Brinell hardnesses of 363 to 375 are almost out of 
the practical machinable range especially if there are any hard 
particles in the matrix. From a practical standpoint we have 
found that 325 Brinell in the acicular irons is about the upper 
economical machinability limit. 

The use of chromium in acicular gray irons is not recom- 
mended. We have found in cur experimental work that chrom- 
ium over 0.20 per cent will produce a pearlitic structure in 
crankshafts, but that the 1.2-in. arbitration would be acicular. 

The identification of constituents in acicular gray irons is 
scmetimes difficult, therefore, the use of the word dendritic seg- 
regation ‘s sometimes misleading. The author seems to believe 
that the peculiar dendritic pattern shown is due to alloy seg- 
regaticn while this discussion, using an entirely different analysis 
of iron, called it combined carbon segregation. Mr. Loria 
seemed to believe that the carbon would be able to move 
through the space lattice without hindrance, but that the alloy 
would have difficulty doing so. This may be true; however, it 
is also true that the transformations in gray iron are very 
sluggish, especially when large quantities of alloys are involved. 
Hence, it is possible to trap the carbon before equilibrium con- 
ditions are attained; this would give the pseudo-dendritic 
structure shown. This was true in the case of the irons exam- 
ined by the discussor because further holding in the austenitic 
range caused these pseudo-dendritic forms to disappear. The 
irons in question were pearlitic and not acicular. 

Rote and Wood" have shown that the phosphorus in high 





Fig. 4—Photomicrograph showing effect of molyb- 

denum-phosphorus eutectic on the structure of a high- 

nickel-molybdenum iron having the following analysis: 

T.C. 2.80; G.C. 2.21; C.C. 0.69; Si, 1.47; Mn, 0.97; P, 

0.059; §, 0.074; Ni, 1.94; Cr, 0.08; Mo, 1.11. Etch— 
Picral. Mag.—500x. 
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Fig. 5—Steadite distribution and structure in gray cast 

iron. A—Area showing distribution. Picral etch. Mag. 

—100x. B—Area showing steadite structure. Picral 

etch. Mag.—500x. C—Area where eutectic envelopes 
entire cells. Picral etch. Mag.—500x. 


molybdenum containing gray iron will form a complex molyb- 
denum phosphide eutectic, which varies in composition, but in 
general had a composition as follows: C, 2.10; Si, 1.10; Ni, 1.65; 
P, 4.40; Mo, 5.85. Now the phosphorus being the last to freeze 
is always segregated in the original dendritic network and 
where it robs the surrounding areas of molybdenum, which then 
transforms at a different temperature forming what the author 
calls lower bainite. Rote and Wood claimed that they did not 
find this eutectic in their tests where the phosphorus was below 
0.12 per cent. However, the discussor has found it to occur with 
phosphorus contents as low as 0.08 per cent. It all depends on 
how fast the test bar or casting cools. Figure 4 illustrates the 
type of thing we are considering. The white constituent in this 
case has been identified as the phosphide-molybdenum eutectic. 
It is recommended that this structure be compared with Fig. 3B 
in the author’s paper. It would be interesting to know the 
amount of phosphorus present in the material reported by him. 

F. B. Rote: * I would like to comment on the identification 
of the microconstituents presented by Dr. Loria. He identified 
the light-etching constituent as upper bainite, and the dark 
etching constituent as lower bainite. The former identification 
agrees with the published literature; however, I feel that the 
dark etching material is pearlite, rather than lower bainite. 
Similar structures were shown in a paper which I presented 
with Prof. W. P. Wood several years ago, and by others. 

Hardness tests can not be used with certainty in the identifica- 
tion of complex structures, particularly those which contain 
bainite, since the hardness of upper bainite might be less than, 
and the hardness of lower bainite greater than the hardness of 
pearlite. Thus, complete reliance on a hardness test to identify 
complex structures may lead to wrong conclusions. 

E. A. Loria (Author’s Closure): The comments of Messrs. 
Vanick and Eagan are appreciated. First of all I would like 
to say that I am not promoting the use of this particular 
composition of iron. It just happened to be one that I had the 
opportunity to examine about five years ago and in view of the 
dearth of published information on acicular irons I thought that 
the results would be of general interest. The iron composition, 
as Mr. Eagan surmises, was not designed for crankshafts as can 
be seen from a comparison of the analyses, particularly chrom- 
ium content, and the mechanical properties for such irons as 
given in the Finlayson article quoted by him. 

In reply to Mr. Vanick, the normal crystallization of cast iron 
into a eutectic structure and Eagan’s point of combined carbon 
segregation are recognized and not discounted in the paper. 
Proof of dendritic segregation is shown metallographically by the 
appearance of low temperature transformation products in the 
cell boundaries and the greater microhardness of these struc- 
tures in relation to the acicular ferrite in the center of the cell- 
like outlines. In pure metals, where the atoms are all the 
same, the last portions of liquid to freeze in the spaces between 
dendrite arms are exactly like the initial nucleus and the pri- 
mary dendrite axes. On the other hand, in this iron, there are 
many different kinds of atoms and they do not freeze out in the 
same ratio as they exist in the liquid metal. The nuclei have a 
greater ratio of iron atoms than the liquid, but as the dendrites 
grow the proportion of atoms other than iron freezing out in- 
creases. Finally, the last metal to freeze (which fills in between 
the branches of the dendrite skeletons) has dissolved in it a fairly 
high concentration of atoms other than iron. Thus it can be 
appreciated that there is a difference in the type of distribution 
of structures to which the austenite in these areas transforms on 
cooling to room temperature. The low alloy parts transform 
rapidly, but as the alloy content increases, the transformation is 
more sluggish until the highest concentrations are still austenitic 
when casting is complete. 


8 Formerly with University of Michigan, now with Albior Malleable Iron 
Co., Albion, Mich. 
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Mr. Eagan brings out the fact that the mechanical test results 
ere obtained on 1.2-in. diam bars and that acicular irons are 
ill section sensitive. This is correct which means that if the 
composition were designed for a 6 to 8-in. section it would be 
overalloyed for a 1 in. section with transformation taking place 
it a lower than optimum temperature with consequent greater 
hardness and strength. Thus, for example, with molybdenum 
maintained in the range 0.8-1.0 per cent, nickel can vary from 
\.0 to 4.5 per cent in casting from 0.5-in. to 10-in. sections while 
chromium will be used up to 0.25 per cent for sections from 3 
10 6 in. and up to 0.50 per cent for sections 6 in. and over. At 
the same time, silicon will be lowered from 2.0 to 1.6 for sections 
3 in. and over. These figures are confirmed by the work of Braid- 
wood.” Probably no hard and fast rules can be made on the 
basis of section thickness. As is being done for pearlitic irons, 
cutting up a casting and comparing structure and mechanical 
properties with the arbitration bar is the best way to determine 
the relationship. 

Mr. Eagan points to the early work of Flinn and Reese’ 
ind states that results as good as shown in Table 2 have been 
reported. That may be true. Actually, for comparison purposes, 
the second iron listed in Table 2 was taken from the Flinn 
ind Reese paper, being the one iron that was closest in analysis 
other than chromium) to the one being considered and for 
which there were mechanical property data, both as-cast and 
ifter tempering. Of course, it should be realized that the Brinell 
hardness values reported in Table 2 are for the 1.2-in. diam bar 
cross-section. This iron, when poured into a 6-in. section, would 
have a Brinell hardness ranging from 247 to 277 which would 
be quite machinable. Overalloying in the test bar section and 
tempering produced the high values reported. 
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Mr. Eagan states that chromium additions over 0.20 per cent 
will produce pearlite in crankshafts while the 1-2-in. arbitration 
bar will have an acicular structure. This may be analogous to 
the results published for chromium steels and straight carbon 
hyper-eutectoid steels which show that an increase in either of 
these elements accelerates the pearlite reaction. However, 
chromium is being used in the amounts specified previously for 
heavy section castings such as hot-working dies and camshafts. 
It will increase the hardness, strength and wear resistance of 
heavy sections to the same extent as molybdenum. 

Finally, Mr. Eagan raises an important question as to the 
nature of the white constituent associated with the dark-etching 
structure shown in Figs. 2 and 3. He may be correct in identify- 
ing the particles as the phosphide-molybdenum eutectic. The 
phosphorus content of the iron was 0.12 per cent and no doubt 
a certain amount of the white constituent is the phosphide- 
molybdenum eutectic. I considered the particles as mostly car- 
bide, their formation being enhanced by the presence of 
chromium in the iron, the fast cooling rate in the test bar and 
owing to the fact that the author did not observe the dot-like 
particles usually found in the steadite phase of ordinary low 
phosphorus, pearlitic irons. This is vividly shown in Fig. 5 
taken from the centers of 1.2-in. arbitration bars of an iron 
whose analysis and mechanical properties were: 





rc CC GC Si Mn P S 
3.41 0.48 2.93 1.51 0.54 0.42 0.16 


Transverse Load Deflection Tensile Strength Brinell 
2625 Ib 0.23 in. 32250 psi 207 
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GRAIN SIZE OF CAST COPPER-BASE 


ALLOYS 


R. A. Colton and M. Margolis* 


Introduction 


IMPROVED PERFORMANCE of copper-base casting 
alloys can come about only with better understand- 
ing of the factors controlling physical properties, cast- 
ing behavior, machinability and other characteris- 
tics of engineering importance. Among the least 
understood of all these factors is the role of grain 
size of cast brass and bronze in determining behavior 
of the alloys. Miscellaneous observations on grain size 
have been reported occasionally but correlated data 
on the relationship of grain size and properties are 
not available. 

Lack of useful information on the effects of grain 
size may be in part due to the difficulty of making 
grain size of cast alloys an independent variable in 
experimental work. The cast grain size of brasses 
and bronzes depends largely on the cooling rate, the 
cooling direction, and the amount of turbulence 
during freezing. It can be further complicated by 
other effects to be discussed later. Consequently, it 
is often difficult to decide which of the various fac- 
tors involved is primarily responsible for measured 
variations in physical properties. 

It has been reported, more from observation than 
from investigation, that fine grain size of cast copper- 
base alloys is desirable because of improved tensile 
properties. There is precedent for this belief from 
the knowledge available of wrought ferrous and non 
ferrous materials where demonstrable improvements 
in tensile properties accompany grain refinement. 
However, the available evidence that a parallel con- 
dition exists in cast alloys is decidedly sketchy. More- 
over, in attempting to follow the thesis that fine grain 
size per se is responsible for optimum properties, one 
is confronted by exceptions such as that illustrated 
in Fig. 1. This photograph represents a macroetched 
section of 88-10-0-2 as produced by continuous cast- 
ing. Large radial columnar grains are normally ob- 
tained by this method of casting; at the same time, the 


*American Smelting & Refining Co., Research Department, 
Barber, N. J. 
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tensile properties are usually equal to or better than 
those obtained by casting this alloy in any other 
fashion. Thus it is obvious that grain size differences 
can at best be only partially responsible for the 
changes of properties that occur when the casting con- 
ditions are varied. 

There is good reason to believe that the usual ob- 
servation about low tensile properties being associated 
with coarse gra’n size is due to lack of understanding 
of other factors operative during the solidification 
process. Grain size of cast materials is almost always 
a function of cooling rate. When the grains are 
coarse, a slow cooling rate is indicated and this may 
be the result of a high pouring temperature. Use of 
high pouring temperatures can lead to greater-than- 
normal shrinkage in castings, or to excessive quan- 
tities of dissolved gases in the metal, and it is known 
that both shrinkage porosity and gas porosity can 
seriously impair tensile properties of cast copper-base 
alloys. That coarse grain size is observed when low 
physical properties are obtained may be only a co- 
incidence, or at best, an indication of the fact that 
the metal had been poured at a high temperature. 





Nominal Composition 
Cu 88, Sn 10, Pb 0, 
Tensile Properties 
Tensile Strength 51,500 psi 
Yield Strength 33,700 psi 
Elongation 12.0% 
Impact 25.5 ft-lb 


Fig. 1—Continuous cast 80-10-0-2 bronze. Macroetch 
shows coarse columnar grains. 


Zn 2 


51-66 
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There are adequate explanations of low properties 
in such cases by considering the effects of shrinkage 
and gas porosity; coarse grain size may be only a 
secondary effect, unrelated to the observed properties. 
Fine, equiaxed grains are frequently observed in 
porous areas of castings; tensile properties are always 
low in these cases. 

The lack of clear-cut evidence of the effect of grain 
size On properties is directly related to the lack of 
data on the factors affecting grain size. The influence 
of cooling rate is understood, and it is true that this 
may be the dominant factor in controlling grain size. 
Other possibilities exist, however, for determining 
grain size of cast alloys and these should be explored 
to increase understanding of the problem. One im- 
portant aspect, the influence of composition has been 
studied by Northcott! who measured the effects of 
small additions of a large number of second elements 
on the columnar grain length of copper solidified 
under controlled conditions. He found that marked 
changes in columnar grain length of cast copper are 
found with additions of small amounts of some ele- 
ments, such as lead, thallium, tin, and platinum, 
while other elements, in equal amounts, have neg- 
ligible influence on columnar grain length. Among 
such addition elements were bismuth, zinc, aluminum 
and chromium. 

Of greater interest, perhaps, to the foundry in- 
dustry are the factors operative in affecting grain 
size of the alloys used by foundries. The principal 
copper-base alloy in use today is 85-5-5-5 containing 
nominally 5.0 per cent tin, 5.0 per cent lead, 5.0 per 
cent zinc, balance copper. In studying effect of com- 
pos:tion on grain size, it appears practical to use an 
alloy of this type. Such an investigation should cover 
effects of composition, both major constituents and 
impurities, on grain size. The normal impurities 
found in commercial alloys of this type are iron, 
nickel, antimony, phosphorus and sulphur. It was 
decided to study first the effects of nickel on the 
grain size of a pure metal 85-5-5-5 alloy. It has been 
reported by Vanick? that nickel is a grain refiner 
of cast 85-5-5-5; other desirable effects such as re- 
ducing shrinkage, improving lead distribution, and 
improving “‘castability” have also been attributed to 
nickel in 85-5-5-5. To obtain systematic data on the 
effects of nickel in 85-5-5-5, and to study effects of 
composition in general, on grain size, this investi- 
gation was undertaken. 


Experimental Procedure 


In designing experiments to study effects of com- 
position on grain size it is necessary to eliminate cool- 
ing rate as a variable. Experimental conditions must 
be such that the only effects observed are those due 
to composition. Furthermore, to determine the effect 
of nickel on grain size it is essential that the effects 
of tin, lead, and zinc on grain size be understood, 


*L. Northcott, Journal Inst. of Metals, vol. 62, p. 101 (1938). 
*J. S. Vanick, The Foundry, October 1950, vol. 78, p. 88. 
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with and without nickel present. To fulfill these 
conditions a group of experiments were conducted 
as described in the following. 

Eliminating cooling rate as a variable in experi- 
ments with cast alloys requires that the materials to 
be stud’ed or compared have cooling rates that are 
exactly alike. This condition makes pouring of cast- 
ings impractical because of the difficulty of keeping 
all experimental conditions constant. Instead, the 
melts involved must be cooled simultaneously, at the 
same rate. To achieve this, melting was carried out 
in graphite crucibles | in. I.D., 8 in. long with 34. in. 
wall thickness, using a small Ajax-Northrup high 
frequency induction furnace. With the lining diam- 
eter of the Ajax furnace approximately 6 in. it was 
possible to group nine of the small graphite crucibles 
around the periphery, standing on a circular block 
of graphite. Two more such crucibles could be placed 
in the center of the furnace so that ‘f desired, 11 
separate melts could be made simultaneously, brought 
to the same temperature, and when the power was 
turned off, allowed to cool simultaneously. For all 
practical purposes, the cooling rate of the 11 melts 
in the furnace could be considered identical. A cover 
was usually placed on the furnace to reduce the heat 
lost by radiation from the top, and also, to slow 
down the rate of cooling. With this arrangement, 
solidification apparently starts at the bottom of the 
crucible and proceeds toward the top for at least 
half of the freez‘ng interval. 

On three separate occasions cooling curves were 
made for melts solidifying in the furnace using a plati- 
num-platinum+10°% rhodium thermocouple with a 
Leeds & Northrup potentiometer. In each case the 
cooling rate was found to be approx:mately 35 F 
per minute. A more complete discussion of this phase 
of the work is made later in this report. From these 
determinations it is fair to assume that the cooling 
rate of the furnace itself is known, and that it is 
reasonably constant, so that comparisons can be made 
between melts made separately as well as among melts 
made at the same time. 

Separate experiments were run to determine the 
effect of nickel on the grain size of copper plus 5 per 
cent lead, copper plus 5 per cent tin, copper plus 5 
per cent zinc, and 85-5-5-5 alloy made with pure 
metals. By studying each of the major alloying con- 
stituents individually, it was hoped to determine the 
magnitude of effects exerted on grain size by each 
element of composition of the alloy. 

Materials used consisted of the following: electro- 
lytic copper, high purity tin, lead and zinc, and high 
purity, cobalt-free nickel shot. 

The “castings” obtained in these experiments were 
cylindrical billets 1 in. in diam, 5 in. long, weighing 
about 475 grams. Each casting was faced off on a 
lathe at one end, with the other end (bottom) cut 
off with a parting tool. The transverse section ob- 
tained was polished, etched and observed at low mag- 
nification. The remaining part of the casting was 
faced off in a lathe so that a longitudinal section was 
available. The machine chips were collected and 
used for chemical analysis. The longitudinal section 








TasBLe 1—CHEMICAL COMPOSITIONS AND GRAIN 
Count DATA 





Grain Count 





Distance from bottom 











Bar Composition, % of bar, in. 

No. Cu Sn Pb Zn Ni ly 1 1% 2 
L-l 99.94 a hae 6 ee Naw - 
L-2 Rem 5.77 os op F: WwW @ 
L-3 Rem 5.84 se 2a 2 2 FB 
L-4 Rem 5.38 os 2 BF 2 wz 
L-5 Rem 5.57 0.24 15 16 17 += 16 
L-6 Rem 5.45 048 $417 #19 #18~ «116 
L-7 Rem 5.01 ns FF SS 2. FH 
L-8 Rem 5.47 0.87 17 #=+17 #15) (18 
L-9 Rem 5.38 ie wm HK 
T-l 99.94 a ae 3 3 2 4 
T-2 Rem 4.7 ae ll 12 6 ll 
T-3 Rem 1.6 0.05 14 18 13 7 
T-4 Rem 4.7 0.10 14 18 15 9 
T-5 Rem 4.8 0.17 12 #11 11 9 
T-6 Rem 4.6 0.44 14 #12 #16 = =15 
T-7 Rem 1.6 0.68 12 16 16 12 
T-8 Rem 1.6 0.99 9 10 8 4 
T-9 Rem 4.7 180 16 12 15 #10 
Z-1 99.94 it = 3 3 2 2 
Z-2 Rem 5.8 oe 9 3 3 = 
Z-3 Rem 5.8 0.06 10 5 6 6 
Z-4 Rem 5.8 0.14 3 3 l 

Z-5 Rem 5.8 0.24 t 3 t : 
Z-6 Rem 5.8 049 «11 13 6 5 
Z-7 Rem 5.8 0.73 6 7 4 PP 
Z-8 Rem 5.8 0.94 i 6 7 3 
Z-9 Rem 5.8 1.92 7 t a 

N-1* 84.13 4.69 4.77 5.52(d) 044 20 21 aa 
N-2 83.0 5.2 5.3 6.2 <0.01 21 20 21 18 
N-3 83.0 5.2 5.3 6.2 0.05 22 22 19 20 
N-4 83.0 5.2 5.3 6.2 0.09 27 23 23 17 
N-5 83.0 5.2 5.3 6.2 0.25 18 18 17 17 
N-6 83.0 5.2 5.3 6.2 0.45 18 #=+I15 #4217 #14 
N-7 83.0 5.2 5.3 6.2 0.79 20 15 WW 14 
N-8 83.0 5.2 5.3 6.2 0.99 19 18 18 14 
N-9 83.0 5.2 5.3 6.2 198 16 14 12 #18 


* Fe 0.14, Sb 0.20, S 0.01 





was polished to remove tool marks, macroteched, and 
studied for grain size. Available then, were complete 
longitudinal sections of each casting as well as trans- 
verse specimens taken from each sample at the same 
position. 

Samples were polished through 3/0 paper, and 
etched by immersion in saturated ammonium per- 
sulfate solution to reveal grain contrast. 

Each experimental run will be described separately 
along with observations made, 


Copper + 5% Lead 


For this experiment nine graphite crucibles were 
used around the periphery of the furnace, and two 
crucibles in the center. The center crucibles were 
present principally to prevent excessive heat loss by 
radiation on the center side of the crucibles placed 
around the wall. Without crucibles in the center of 
the furnace higher rate of heat loss toward the axis 
of the furnace could be expected. Melts made in 
the center crucibles were usually of similar alloys 
but not necessarily materials used as part of the 
experiment. 

Of the nine melts made simultaneously, the nomi- 


GRAIN SIZE OF Cast Copper-BASE ALLoy, 


nal compositions were as follows: 


L-l Copper 

L-2 Copper + 5% Lead 

L-3 Copper + 5% Lead + .05% Nickel 
L-4 Copper + 5% Lead + .10% Nickel 
L-5 Copper + 5% Lead + .25% Nickel 
L-6 Copper + 5% Lead + .50% Nickel 
L-7 Copper + 5% Lead + .75% Nickel 
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L-8 Copper + 5% Lead + 1.00% Nickel 
L-9 Copper + 5% Lead + 2.00% Nickel 


Pst 


The procedure used was to melt down copper first. 
when molten, lead was added to all but one crucible. 
and after 10 min alloying time, nickel additions as 
reported were made and another 10 m‘n allowed fo: 
alloying. Good mixing is obtained in high frequency 
electric furnaces. When the temperature was approxi 
mately 2150 F, the furnace was turned off and solidi- 
fication allowed to progress in the furnace, with a 
cover in place. 

The “castings’’ so produced were marked and pre- 
pared as previously described. The chemical analysis 
of each of the castings is reported in Table 1. Thx 
polished and etched samples were photographed and 
are shown in Fig. 2. 

It is desirable to have some method of comparing 
grain size other than visual observation. Numerous 
techniques have been used to measure size of grains 
in various materials but after consideration of the 
specific problems involved in this work, the intercept 
method was adopted. The procedure involved photo- 
graphing the polished and etched longitudinal sec- 
tion of each specimen at 114 x magnification, draw- 
ing parallel lines on the prints at intervals of 4 in., 
1 in., 114 in. and 2 in. from the bottom of the cast- 
ing, and counting the number of grains cut by the 
intercept line. The data from these measurements are 
listed in Table 1. Measurements were not converted 
to grain diameter because of no apparent advantage. 

Examination of the etched castings of Fig. 2 and 
the data in Table 1, indicates that 5 per cent lead has 
a strong refining effect on the grain of copper. The 
differences between samples L-1 and L-2 are easil\ 
seen. The effect of nickel on the grain size of coppei 
containing 5 per cent lead is much smaller, and rela- 
tively speaking, almost negl:ble. Some grain refine- 
ment can be found in Sample L-3 with 0.08 per cent 
nickel and L-4 with 0.12 per cent nickel, but all othe: 
castings apparently are of comparable grain size. 
Whatever effect nickel may have appears with small 
additions and disappears with larger nickel contents. 

The rather unusual combination of grain sizes 
found in the castings of Fig. 2, can be explained by 
comparison with structures found in copper wire 
bars, brass ingot, etc. Apparently the major part of 
the heat extraction takes place from the bottom and 
sides of the crucible, creating small equiaxed grains 
near the bottom of the casting. Some chilling must 
occur at the top of the casting, while the coarse grains 
must be the result of a few nuclei forming and grow- 
ing slowly because of heat extracted about uniform] 
from all of the upper portion of the casting. For 
purposes of these experiments only the bottom half 
of the castings was used for grain size comparisons: 
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L-1 L-2 L-3 L-4 
Cu 99.9 bal bal bal 
Pb 0 5.77 5.84 5.38 
Ni 0 0 0.08 0.12 


L-6 L-7 L-8 L-9 

bal bal bal bal 
5.57 5.45 5.01 5.47 5.38 
24 0.48 0.71 0.87 1.82 





Fig. 3—Photomicrographs showing effect of 2% Nion lead distribution of 5% Pb-Cu alloy. Unetched. 


oO 


Mag. 50x. 


since castings produced under similar conditions are 
compared, this procedure seems reasonable. 

No internal or external shrinkage was noted in the 
copper-lead or the copper-lead-nickel castings. Some 
piping was found as expected in the copper casting. 
From all indications the presence of nickel had no 


effect whatsoever on shrinkage of the alloys. 

It has frequently been reported in foundry dis- 
cussions that nickel is beneficial with regard to dis- 
tribution of lead in copper alloys. To test this theory 
metallographic examination was made of two copper- 
lead alloys, one without nickel, the other containing 
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T-4 [-5 

bal bal bal 
4.7 1.8 1.6 
0.10 0.17 0.44 


Fig. 4—Macrographs of Cu-Sn series. 


Z-3 Z-4 rf 

bal bal bal 
5.8 5.8 5. 5.8 
0.06 0.14 4 0.49 


Fig. 5—Macrographs of Cu-Zn series. 


2 per cent nickel. Photographs of the polished and tion. It is possible, of course, that with other cooling 
unetched castings are shown in Fig. 3. No differences conditions nickel might influence distribution of lead; 
were found in either microstructure or lead distribu- no such effect was found in this work. 
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Copper + 5% Tin 


Following procedures previously described, a de- 
termination of the effect of nickel in copper plus 5 
per cent tin alloys was made, using alloys of the fol- 
lowing compositions: 


T-l Copper 

T-2 Copper + 5% tin 

T-3 Copper + 5% tin + 0.05% nickel 
T-4 Copper + 5% tin + 0.10% nickel 
T-5 Copper + 5% tin + 0.25% nickel 
T-6 Copper + 5% tin + 0.50% nickel 
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T-7 Copper +5% tin + 0.75% nickel 
T-8 Copper + 5% tin + 1.00% nickel 
T-9 Copper + 5% tin + 2.00% nickel 

Polished and etched samples are shown in Fig. 4; 
chemical analyses and grain count data are listed in 
Table 1. Study of the results indicates that 5 per 
cent tin refines the grain size of copper somewhat, 
and that further refinement is brought about by the 
presence of nickel. Once again, the first increment of 
nickel, 0.05 per cent, produced finer grains than in 
5 per cent tin alloy alone, but further additions of 
nickel up to 2 per cent do not seem to exert any 
appreciable influence on grain size. The coarser 
grains of sample T-8 probably have no significance 
other than representing an unfavorable axial location 
longitud nally. The same cut through a different 
diameter probably would have been in line with the 
other castings. 

Slight internal porosity (probably interdendritic) 
was found in all the 5 per cent tin alloys in an area 
near the bottom of the samples. The nickel content 
seems to have negligible influence on this porosity. 
Severe piping occurred in the copper casting. 


Copper + 5% Zinc 


In studying the copper plus 5 per cent zinc series 
it was necessary to modify the procedure somewhat 
to insure having uniform compositions of all 5 per 
cent zinc alloys. It is quite difficult to add zinc to 
small crucibles uniformly. For this experiment a 
master alloy of 95 per cent copper, 5 per cent zinc, 
was made up in larger quantities from high grade 
materials and cast into pencil molds to furnish re- 
melting stock. The master alloy was then directly 
remelted in 475-gram lots and nickel additions made 
to each crucible as before. 

The following melts were made: 


Z-1 Copper 

Z-2 Copper + 5% zine 

Z-3 Copper + 5% zinc + 0.05% nickel 
Z-4 Copper + 5% zinc + 0.10% nickel 
Z-5 Copper + 5% zinc + 0.25% nickel 
Z-6 Copper + 5% zinc + 0.50% nickel 
Z-7 Copper + 5% zinc + 0.75% nickel 
Z-8 Copper + 5% zinc + 1.00% nickel 
Z-9 Copper + 5% zinc + 2.00% nickel 


The castings were prepared as previously described. 
Figure 5 is a photograph of the polished and etched 
sections, and Table | lists chemical analyses and grain 
count data. Examination of the castings and data 
indicate that zinc has little, if any, effect on grain 
size of copper. It is difficult to evaluate the effect of 
nickel but it may be that some slight refining is 
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present in the nickel-containing alloys. When the 
grains are as coarse as those indicated, location of the 
longitudinal section becomes more significant. Since 
grains are three-dimensional and the etched surfaces 
reveal only two dimensions, there is room for con- 
siderable variation in intercept numbers. As the 
number of grains increases, grain shape becomes less 
significant. This being the case it is difficult to de- 
termine whether nickel has had any effect at all. 

In this series of castings the addition of 5 per cent 
zinc to copper has markedly changed the shrinkage 
characteristics. Severe external shrinkage was found 
in all castings containing 5 per cent zinc. A repre- 
sentative casting is shown in Fig. 6. Some internal 
shrinkage porosity was also found in the lower half 
of the casting with the zinc containing alloys. From 
all indications, nickel has had no observable effect 
on shrinkage of the copper-zinc alloys. 


Copper; +5% Tin + 5% Lead + 5% Zinc 


In addition to knowing the effects of nickel on the 
binary alloys containing the elements used in making 
85-5-5-5 alloy, it is desirable to know the effect of 
nickel in the quaternary alloy. For purposes of such 
an experiment a pure 85-5-5-5 alloy was made up in 
a 25-lb heat in the Ajax-Northrup induction furnace. 
The melt was poured into | in. diam cylindrical 
molds. The remelting stock was then machined to 
remove the outside skin and cut into pieces for further 
use. 

The procedure followed in this series was that 
already described. The castings made had nickel con- 
tents of 0.05 per cent, C.10 per cent, 0.25 per cent, 
0.50 per cent, 0.75 per cent, 1.0 per cent, 2.0 per cent. 
In addition, one casting was made of high purity 
85-5-5-5 with no nickel, and another run using com- 
mercial grade 85-5-5-5 alloy. One other sample was 
run, a duplicate of the high purity 85-5-5-5, was used 
for making a cooling curve as mentioned before in 
this report. 

The castings from this experiment were prepared 
as described previously. A photograph of the polished 
and etched sections is shown in Fig. 7. In Table 1 
are listed the chemical analyses and grain count data. 
Examination of the results indicates that nickel has 
had some small grain refining effect up to 0.10 per 
cent. From 0.1 per cent nickel to 1.98 per cent nickel 
the grain size has increased progressively indicating 
a slight coarsening effect. The commercial 85-5-5-5 
sample, N-l, with 0.44 per cent nickel (and other 
impurities) has a grain size comparable to the high 
purity 85-5-5 alloy so that there have been no unusual 
effects from combined impurities. 

External and internal shrinkage porosity was absent 
in all cases so that nickel has exerted no observable 
influence on this characteristic. 

The cooling curve produced in this experiment is 
shown in Fig. 8. The rate is about 35°F/min. The 
arrest indicates that freezing begins in a high purity 
85-5-5-5 alloy at about 1835 F. 

Since the cooling rate used in these experiments 
was moderately slow it was thought worthwhile to 
determine whether the effects of nickel as noted with 
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Fig. 7—Macrographs of high purity 85 Cu, 5 Sn, 5 Pb, 5 Zn alloy series. 


a furnace cool would change with a faster cooling 
rate. For this experiment two 500-gram melts of high 
purity 85-5-5-5 alloy were made side by side, in clay- 
graphite crucibles, melted in the Ajax high-frequency 
furnace. When the metal was molten, 0.50 per cent 
nickel shot was added to one of the melts. When 
the metal temperature reached 2280 F, the furnace 
was turned off and the two crucibles poured simul- 
taneously into two graphite crucibles of the type used 
in the other experiments. It was hoped to obtain a 
high rate of chill by pouring into graphite. For all 
practical purposes the two castings can be assumed 
to have been poured at the same temperature and 
to have solidified at the same rate. 

The castings were machined, polished, and etched. 
They are shown in Fig. 9. It can be seen that the 
grain size of the castings is much finer than any ob- 
tained by furnace cooling. The grain size of the 
casting with nickel is substantially the same as the 
alloy without nickel, although there may be some 
slight effect from nickel. The effect of cooling rate, 
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Fig. 8—Cooling curves of high purity 85-5-5-5 alloy. 
























Ys 





iS 





Rk. A. COLTON AND M. MARGOLIS 





L-11 L-12 
Nickel 0 0.52% 
Alloy Composition 
Cu 84.25 Pb 4.97 
Sn 5.07 Zn 5.71 (d) 


Fig. 9—Macrographs showing effect of nickel on grain 
size of rapidly cooled high purity 85-5-5-5 alloy. 


however, is great and apparently, of far more sig- 
nificance than minor changes in composition. 


Discussion 


Consideration of the results of these experiments 
indicates that grain size of cast copper-base alloys is 
influenced by chemical composition. Composition, 
however, is apparently less important than cooling 
rate in determining size of grain. The effects of 
major alloy constituents on the grain size of copper 
would seem to depend on the metallurgical nature of 
the alloy. Lead is only slightly soluble in solid cop- 
per and, therefore, during solidification, lead will re- 
main molten long after the copper matrix freezes and 
thereby restrict grain growth. As a result, the grains 
remain small, and are rounded at the edges since each 
grain must be in contact with lead over a considerable 
portion of its surface during solidification. 

At the other extreme, zinc is completely soluble in 
copper in a 5 per cent zinc alloy. The alpha solid solu- 
tion formed would behave very much like copper it- 
self; as a result, the grains resemble those of copper 
cooled under the same conditions. 

Tin is also soluble in copper in a 5 per cent tin 
alloy. There is some possibility of inhomogeneity in 
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a slowly cooled copper-tin alloy, as well as the possi- 
bility of a second phase forming. The fact that the 
solid solution formed will behave less like copper 
itself than does the alpha phase of the copper-zinc 
system would offer the possibility of grain size varia- 
tion. The results indicate some refining action from 
the tin, less than that from 5 per cent lead, but much 
more than that found with zinc alone. 

The grain size of the high purity 85-5-5-5 is the 
same as the 5 per cent lead-copper alloy. Therefore, 
it is reasonable to assume that the presence of lead in 
the alloy has controlled the grain size and the zinc 
and tin have had negligible effect. It would appear 
that in any copper-base alloy containing lead over 
some minimum content, the grain size, independent 
of cooling rate, will be influenced strongly by the 
lead. If compounds are formed, or other insoluble 
elements are present, the effect of lead may be over- 
shadowed, but in solid solution alloys, lead would be 
a grain-refiner. 

The effect of nickel on grain size has ranged from 
negligible to relatively small in the alloys studied. 
Compared to the effect of either lead or tin the effect 
of nickel as a grain refiner is minor. With the 5 per 
cent tin alloy some refining has occurred with low 
nickel contents. This may be due to nickel-tin com- 
pound formation. Some refining action was also 
noted in the high purity 85-5-5-5 alloy with very low 
nickel additions. Again, this may be due to nickel- 
tin compound forming. In every case where nickel 
shows any grain refining tendencies the effect seems 
to be strongest with the first increment of nickel—up 
to 0.10 per cent. In some cases the effect disappears 
with increasing nickel content. Since commercial 85- 
5-5-5 specifications permit up to 0.75 per cent nickel 
content, and alloys usually contain around 0.50 per 
cent, it would seem as if any beneficial effects of 
nickel on grain size would be assured. 

With more chilling and higher cooling rates there 
seems to be no significant difference in the effect of 
nickel. The grain size of a chill cast (in graphite) 
high purity alloy with 0.50 per cent nickel is some- 
what finer than the same alloy without nickel. The 
difference, however, is slight and the effect is probably 
inconsequential compared to the effect of small vari- 
ations in cooling rate. Further exploration of the 
effects of nickel with fast cooling rates might prove 
of interest. 

With regard to other claims frequently made for 
nickel additions to copper-base alloys, the results of 
this work indicate that the effects of nickel on shrink- 
age have been negligible. No shrinkage was found in 
any of the copper-lead alloys or the high purity 85- 
5-5-5 alloys, with and without nickel. Some internal 
shrinkage was found in the copper-tin alloys and both 
severe external shrinkage and small internal shrink- 
age was found in copper-zinc alloys. Wherever shrink- 
age was observed it seemed to be independent of nick- 
el content. In the experiment where a high cooling 
rate was used similar shrinkage areas were found in 
both the casting containing 0.50 per cent nickel and 
the one containing no nickel. It would appear that 
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nickel has no measurable effect on shrinkage with 
both slow and fast cooling rates. 

The results of microscopic examination of copper- 
lead alloys with and without nickel indicate that 
there has been no change in distribution or size of 
the lead constituent with the presence of nickel. 
Nickel may influence lead distribution more with 
faster cooling rates but it is difficult to understand 
metallurgically why nickel should have any effect on 
lead in copper alloys since nickel is completely soluble 
in copper and the solid solution must behave much 
as does copper itself. 

Summary and Conclusions 

A group of experiments have been conducted to 
determine the effect of nickel on the grain size of 
copper plus 5 per cent lead, copper plus 5 per cent 
tin, copper plus 5 per cent zinc and high purity 85-5- 
5-5 alloy. By eliminating cooling rate as a variable 
it has been possible to measure effects of nickel con- 
tent up to 2 per cent on grain size of castings cooled 
at a rate of 35 F/min. From the results of these ex- 
periments, it is possible to draw the following con- 
clusions:— 

1. Composition of copper-base alloys influences 
grain size but the effect is far less significant than 
cooling rate. A high rate of cooling is apparently 
the best method for obtaining fine grain in a cast 
alloy. 

2. Five per cent lead refines the grain of copper 
markedly. Lower lead contents may contribute to 
grain refinement of commercial copper-base casting 
alloys. 

3. Nickel up to 2 per cent in a 5 per cent Pb-Cu 
alloy has negligible effect on grain size. 

4. Five per cent tin refines the grain of copper 
but less than does lead. 

5. Nickel contents up to 0.10 per cent have some 
grain refining effect on Cu-5 per cent Sn alloys. Higher 
nickel contents do not seem to have any further ef- 
fects. 

6. Five per cent zinc has negligible effect on the 
grain size of copper. 

7. Nickel contents up to 2 per cent have no mea- 
surable effects on the grain size of Cu-5 per cent Zn 
alloys. 

8. Nickel contents up to 0.10 per cent refines the 
grain of a high purity 85 Cu, 5 Sn, 5 Pb, 5 Zn alloy 
slightly, but the effect disappears and some coarsen- 
ing occurs with increasing nickel content. 

9. With a fast cooling rate (chill casting) high 
purity 85-5-5-5 alloy with 0.50 per cent nickel has 
very slightly finer grain size than does the same 
alloy without nickel. The difference, however, is ex- 
tremely small. 

10. Nickel contents up to 2.0 per cent have no ob- 
servable influence on shrinkage characteristics of any 
alloys studied with both slow and fast cooling rates. 

11. Nickel contents up to 2.0 per cent have no 
measurable effect on distribution and size of lead 
constituent in a 5 per cent Pb-Cu Alloy. 

12. From a cooling rate curve at 35 deg/min, high 


purity 85-5-5-5 alloy begins to freeze at 1835 F. 
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DISCUSSION 


Chairman: F. L. Rippett, H. Kramer & Co., Chicago. 

Co-Chairman: H. G. ScHwas, Bunting Brass & Bronze Co., 
Toledo. 

A. K. Hiceins:* I found this paper most interesting. The 
authors did a fine job. I have certain questions and suggestions 
not in connection with castings but in connection with measure 
ment of grain size in alloys. 

We have investigated methods of determining grain size with 
perhaps six of the larger wrought alloy companies. We have 
identical photomicrographs out for examination and I think they 
have been read for grain size by perhaps 50 different men, pre 
sumably experts in the field. The lack of agreement on the grain 
size of specific photographs has been astounding. 

We find that for equi-axed grains (either wrought or cast) 
the use of ASTM standard photographs offers the most reliable 
means of judgment. 

The extension or change of the method to apply to cast alloys 
is easily done although it does not apply to columnar grains. 

What deoxidation was used, if any, on the lead series of alloys? 
I would have a hard time judging the furnace conditions, be- 
cause normally an induction furnace gives highly oxidized heat, 
but with graphite crucible melting the atmosphere may be 
different. 

I noted in the tin series, the next to highest nickel content 
was apparently out of line in grain size as compared to the resi 
of the group. Is there any explanation for that, or can it be 
accounted for by the random variations in the experiment? 

Mr. Cotton: In reply to his comment on measuring grain 
size, | think Mr. Higgins probably well appreciates the difficulty 
of trying to do it intelligently on a small sample. We found the 
best way was to compare samples side by side. We knew our 
method was not rigid, but it was simple. We could never trust 
one person to do it, and had to have about six people make 
grain counts independently. 

With regard to the question on the deoxidizer used, the fur- 
nace itself is not oxidizing under these conditions because the 
graphite reacts to produce enough reducing gases to keep the 
surface clean at all times. We did not think it necessary to 
use a deoxidizer, nor would we have dared to, because we would 
have confounded the results by introducing another element into 
the system. 

Mr. Higgins’ question about the apparent anomaly in our tin 
series may be explained by considering what may happen in 
sectioning pieces like this with relatively coarse grains. Any 
particular longitudinal section may be inconsistent because we 
are looking at only two dimensions. You must always remember 
that you are looking only at two dimensions when in reality 
there are three. 

CHAIRMAN RIDDELL: In regard to the ASTM method of grain 
size determination suggested by Mr. Higgins, the large grain 
size present in the copper-zinc alloy might possibly show only 
one grain at 75 diameter magnification and thus give doubtful 
results. 

J. S. Vanick:* Mr. Colton has given us a thought-provoking 
paper. We have been through this work as he has indicated and 
I thought you ought to know what we did at the time we did it. 

The procedure for grain size determinations that has been 
described in this paper, is an excellent description for what you 
would do if you were studying ingots. Men who handle that 
type of metal like to go along with the notion that nickel does 
not do much for them in the matter of grain size. You have a 
very slow cooling rate in an ingot which Mr. Colton’s procedure 
provided. It would be interesting to know what thickness the 
casting would need to have to provide the slow cooling rate. As 
near as I could guess, it appeared to be 314 to 4 in. thick, based 
upon a 35-deg cooling rate per minute, for a 100 to 150-deg 
temperature drop. 

The Colton experiments, confined to small specimens produced 
by the slow solidification in the crucible, of 1-lb heats from 
an assumed constant temperature, provide a theoretical yard- 
stick of a single cooling rate which may have been ideal for the 
production of a coarse grain. The disturbances common to the 
melting, pouring and solidification of metal cast into a mold, 
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over a range of cooling rates, should be much more decisive in 
staging the conditions that define grain size in commercial cast- 
ings. 

In our tests, we felt that it was desirable to simulate foundry 
practice and pour castings into sand molds in such a way as to 
obtain the chilling effect of a mold surface with its attendant in- 
fluence upon the nucleation of grains and the accompanying 
segregation or flow and movement of the solid-liquid interface. 
Segregation in these alloys at liquid temperatures is lightning 
fast for precipitating solids, and even faster for precipitating 
gases. These precipitates move ahead of the colder solid front 
and lead to the center-line structures commonly called shrinks, 
which may merely consist of fine-grained material or represent 
areas contaminated with impurities or gas residues. In a casting, 
these solidification phenomena, moving from a mold surface, 
produce a fine grain which may later be dissipated into coarser 
grained interiors if the internal cooling rates are sufficiently 
slow or if inhibitors to grain growth are not involved in main- 
taining a fine grain. The temperature gradient that is produced 
in the mold becomes a necessary factor in establishing casting 
grain size. This feature was not reproduced in the Colton tests 
because the metal was allowed to solidify slowly in the crucible. 
It is doubtful whether such turbulence could develop in a 1-lb 
heat as compared to the commotion attending the pouring of a 
mold even in such simple shapes as 114-in. diam or 9-in. long 
bars. Specimens of this size were used in our tests. 

In addition to cooling rate as a factor, there are a number of 
chemical and mechanical disturbances to the solidification of a 
liquid metal that would encourage the formation of a fine grain. 
Among these are evolution of gas, the turbulence in casting, the 
inclusion of impurities, and the precipitation of finely dispersed 
solids. In the bronzes chosen for this work, a lead bronze, par- 
ticularly at 5 per cent lead, would produce a considerable shower 
of inclusions which would be soft and possibly liquid, but suffi- 
ciently obstructive to interfere with normal grain growth. These 
factors were known to us in our studies of grain size. They also 
conform to the general laws governing crystallization. At this 
point, the methods used to study grain size come in for careful 
consideration. 

We counted grains by the ASTM method in the area of the 
field, and therein another factor enters that has not been men- 
tioned up to now. You can have, in some of these coarse looking 
grains, several small grains that will not be seen in the single 
setting. You have to rotate the microscope field to find that 
there are three or four grains within a single appearing grain 
boundary because the three or four grains have the same orienta- 
tion. In the published macrograph photos, you see only the 
apparent coarse grain outline. 

Our tests also standardized on a measurement of grain size 
across a section 114 in. up from the base of the 9-in. cylinder. 
The grains were carefully counted individually in the field. The 
area was rotated. Frequently the grain size might appear to be 
of mixed large and small grains, but an adequate count would 
establish the. prevailing average. 

The pouring temperatures were carried through four tem- 
perature levels. This introduced corresponding differences in 
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Fig. 10—Grain size for nickel-alloyed bronze, 89 Cu, 
11 Sn, Ni as shown (Kihlgren). 
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cooling rate. These variations were considered necessary and 
desirable. They might be simulated by using a wedge-shaped 
test bar or step bars or step cylinders to provide differences in 
cooling rates. With these changes in cooling rate, it becomes 
possible to project the change in grain growth that occurs par- 
ticularly with high pouring temperatures which would corre- 
spond to slow cooling rates. The results showed that it is possible 
to pour a nickel-free composition at a lower temperature and 
achieve a grain size as small as that obtainable with nickel addi- 
tions poured at higher temperatures. The diagrams (Fig. 10 and 
11) for the various bronzes also showed that the difference in 
grain size were smaller for the leaded alloys. In fact, the greater 
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the quantity of lead, the smaller the difference in grain size for 
different pouring temperatures. This observation confirms the 
general belief that insoluble ingredients get in the way of grow- 
ing crystals and, by so doing, produce small grains or interfere 
with grain growth. 

By these methods of test, the grain size for metal poured under 
foundry conditions at varying cooling rates, demonstrated that a 
desirable cooling rate might be obtained in which grain growth 
was negligible. If, along with a negligible grain growth, ingredi- 
ents were present which interfered with grain growth, then the 
function of addition alloys might be negligible. The practical 
requirements in the foundry are such as to make foundrymen 
use sufficient superheat to run a casting under whatever mold 
conditions are presented and, in doing so, the cooling rates 
vary widely from the ideal. It is for applications such as this 
that some measure of the influence of different cooling rates, as 
obtained by the use of successively higher pouring temperatures, 
can become instructive in demonstrating harmful or useful 
effects upon grain size. 

In conclusion, I would be interested in any explanation Mr. 
Colton could give us regarding the relation between his cooling 
rate and a corresponding thickness of a casting poured into sand; 
also, an explanation for the apparent coarse grain shown in the 
top side of these small ingots. 

Mr. Corton: I will answer first the question of slow rate of 
cooling applying to ingots only. In an investigation of this type 
it is essential to have uniform cooling rate between samples, 
and the absolute cooling rate is less important than having any 
selected rate the same for all samples so that they can be com- 
pared. When we had finished the work, we decided we did not 
know whether our observations would be similar with a fast 
cooling rate. Consequently we ran the test described in the 
paper with the high cooling rate. This technique did give us 
a much finer grain size. There was very little grain size difference 
however in the samples with and without nickel. These experi- 
ments may not cover the whole range of possible grain sizes, 
but a fast cooling rate and a slow cooling rate do simulate con- 
ditions found in sand castings. 

Regarding the experiments described by Mr. Vanick, I do not 
believe it is possible to control conditions accurately enough in 
pouring castings to obtain identical cooling rates. We do not 
think experiments of that type are reliable in the measurement 
of factors affecting grain size. Since cooling rate itself is probably 
the most effective factor in determining grain size of cast metals, 
it seems reasonable to use techniques that minimize variation in 
cooling rate; pouring castings would seem to offer considerable 
chance for such variations. 

We took exception to Mr. Vanick’s data when originally pub- 
lished because we do not believe the differences in grain size 
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attributed to the presence of nickel are so great that they have 
any significance. That is not to say, that nickel does not have 
some influence, but from the published data it is difficult to draw 
any definite conclusions on the effect of nickel. 

In regards to whether the temperature in our crucibles was 
always uniform, we ran experiments which may or may not 
prove it. We ran cooling rate curves on different heats, at 
various times. We placed a thermocouple in one of the nine 
crucibles then measured the temperature at regular intervals as 
the metal cooled. For each such experiment we would place the 
thermocouple in a different crucible as far as position in the 
furnace was concerned. The 35-deg per min cooling rate, we 
found, was a function of the particular furnace we used. This 
rate did not change during the various experiments so we felt 
safe in assuming uniform cooling rate for all crucibles in any 
one experiment. 

The coarse grains at the top of our “castings” were the source 
of considerable discussion in our laboratory. It so happens in 
the Research Dept. we have done a great deal of work on coppe1 
ingots and quite often exactly the same condition is found in a 
wire bar. Near the top surface of a wire bar, you will find an 
area of coarse columnar grains while the balance of the wire 
bar will have fine equiaxed crystals. The best explanation we 
have to date is that this effect is a function of the method of 
heat extraction. 

We decided that the unusual structure did not have great sig- 
nificance for the purposes of our work. We naturally could not 
use the top half of the bar. The bottom half, however, apparently 
cooled at a uniform rate, and was suitable for use. 

We felt that as long as we compared like things, we were on 
safe ground. When we ran 11 samples under the same conditions, 
and used only the bottom 2 in. of the bars produced, we felt 
justified in making comparisons between specimens. 

After due consideration we felt safe in comparing samples one 
from one experiment with another as long as we used only the 
bottom portions of the bars. This followed our knowledge that 
the cooling characteristics of the furnace were constant. 

G. K. Eccieston:* Several foundrymen have mentioned the 
effect of nickel additions when nickel was first being promoted 
for use in red brasses. Tests were made that seemed to indicate 
that you got most of the benefit of nickel (assuming there was 
a benefit) at about 0.75 per cent; no additional benefits were 
noticed until you went to 2 per cent. The illustrations in the 
paper seemed to indicate this same general tendency. 

I am interested in the approach the authors used in this inves- 
tigation. Some vears ago, we ran a series of investigations trying 
to determine what the effect of silicon was on lead brasses. We 
took the same approach making additions to copper-lead, copper- 
zinc, and copper-tin. Then we ran three-element combinations 
such as copper-lead-tin. We found interesting results using this 
approach. We found that silicon had very little if any detri- 
mental effect in many of the combinations, but on several com- 
binations we really got in trouble. 

MemBFR: What was the purpose of this study? Were you in- 
terested in the physical properties or density or soundness of 
structure that would be obtained with these grain sizes? I find 
that often on the larger grain size in red brasses we obtain 
higher tensile strengths, often accompanied by unsoundness 

Mr. CoLton: Our purpose in this work was to conduct a 
scientific investigation for the sole purpose of obtaining knowl- 
edge. What application of that knowledge there will be, I 
cannot say. In order to better understand the significance of 
grain size in copper-base alloys, it is necessary to understand the 
factors that determine the grain size. 

MemMBerR: Did you do this from a control standpoint? 

Mr. CoLton: We did not begin our investigation with control 
of grain size as a primary object although it would necessarily 
be one of our ultimate goals. 

In scientific investigations you normally have to start at the 
beginning. We thought this was a satisfactory place to start our 
work. We found no records of similar work being done. In 
this work we have studied the effects of composition. The next 
step will be the study of other variables. Perhaps through inves- 
tigations of this nature we can design better alloys or minimize 
some of the difficulties foundrymen have. We are all striving to 
accomplish that. 


3% Engineer, Barnes Mfg. Co., Mansfield, Ohio. 
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MemBeER: Are you sure the nickel you added was in solution in 
those small heats? 

Mr. Cotton: I feel certain that the nickel was in solution. The 
materials used included the highest grade cobalt-free nickel sho: 
available. We weighed it out to the closest 0.1 of a gram. With 
induction furnaces it is no problem to dissolve small nickel shot 
in copper or copper-base alloys in 5 min. I am certain it dis 
solved completely. We sampled from various parts of the bar to 
make certain we had an average sample. 

MEMBER: Were those castings made in carbon molds? 

If any heat was transferred from the crucible would that make 
any change in the grain size too? 

Mr. Cotton: It must have. 

Member: If you used carbon or silicate carbide crucibles? 

Mr. CoLton: It probably would. 

G. P. HALLIWELL:* In connection with the large grains on 
top of the solidified metal, I would like to interject here, the 
possibility of a critical grain size, due to some impurity, which 
might be a gas. There are many examples of this phenomenon, 
the most classic of which is the original work on tungsten lamp 
filaments, where thoria was introduced to control grain size. 
However, a critical amount produced exorbitant grains. Perhaps 
some critical amount of impurity, gas for instance, was present 
during the latter stage of solidification. 

Mr. Cotton: That is a possibility we did not consider, but 
it could be so. For our purposes, however, I can go back to the 
statement I made before about comparing like things. I think 
we are on safe ground as to why the coarse grains formed. As 
long as we used the bottom part of a bar the coarse grains did 
not enter into our considerations. We felt that the cooling rate 
must have been such that at that particular location in the bat 
the grains were coarse. 

G. M. ‘TurAsHER: * I would like to question the matter of zinc 
addition to samples. The small amount of zinc (5 per cent) 
would not act the same way that the tin would act. It would 
take about 15 per cent to approach the same degree of alloy as 
the tin samples and the explanation of that shrinkage may be 
due to some volatilization of the zinc in the sample. 

Mr. Co.ton: In regard to the effect of 5 per cent zinc as 
compared to 15 per cent zinc, I do not think there would be 
any great difference in range of grain size. Zinc forms a solid 
solution with copper, while lead is not in solution. Tin, up to 
a certain percentage, is in solution. It would appear that the 
effect of an element on grain size depends on how it combines 
with copper. We are interested only in these alloys. What hap- 
pens in others we do not know. It is quite possible that a separ- 
ate investigation would be needed for every alloy under con- 
sideration. 

We do not believe from the- evidence here that any higher 
zinc content up to 15 per cent would make any great differ- 
ence. For the zinc alloy studies we melted down a master alloy 
of 5 per cent zinc and copper instead of trying to add zinc to 
copper in our little crucibles. Our final results showed 5.8 per 
cent zinc and we probably did not add more than 6 per cent 
originally. Our zinc losses were obviously low. 

Mr. THRASHER: How much loss did you have in melting down 
the final samples? 

Mr. Corton: In the original master alloy samples we added 6 
per cent zinc which allowed for losses on remelting. Our final 
zinc content was 5.8 per cent. 

MEMBER: We have had occasion to cast some very large (100- 
lb) bearings with 814 per cent tin, 4% per cent nickel and the 
balance copper. On machining these bearings the grain struc- 
ture became evident. The grain size seems to vary and we 

cannot find the reason for it except for the pouring temperature. 
When we pour the castings at low temperature we get very fine 
grain size and with that we get some of the defects that you 
would expect when you pour cold. Yet, when we pour in the 
recommended range we invariably get this large grain size. The 
castings appear to be sound. At one time we even got three or 
four grain sizes, some very small and some very. large. 

Mr. Cotron: Your observation of grain size showing up in 
machining is a common one. In polishing yellow brass hardware 
castings it frequently occurs, too. It is not unexpected. Your ob- 
servation that pouring temperature is a most critical factor in 
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the determination of grain size is one that many others have 
nade, too. I believe pouring temperature to be among the 
most significant of all the factors. 

Wo. Romanorr:® As long as there has been such a big differ- 
ence of opinion as to the value of coarse or fine grains, it has 
uso been agreed that this paper has not proven anything in a 
practical way. I would hate to see this discussion discontinued 
thinking there might be anything detrimental about nickel. 
\nybody making brass castings today is using ingot because 
he could not get anything else if he wanted to. As long as 
nothing has been proven practically, nickel should not be elim- 
inated from specifications. Otherwise, there would be no mate- 
rial available in ingot form. 

M. J. Davison: ? I would propose that the difference in grain 
size Observed between the top and bottom portions of any one 
of these vertically sectioned ingots is due to the existence of a 
critical cooling rate. 

The cooling rates are such that at the top the rate of grain 
growth exceeds the rate of formation of nuclei, whereas at the 
hottom the rate of formation of nuclei is greater than the rate 
of grain growth. 

Has the author any indication as to what is the minimum 
level of lead at which it begins to exert an observable effect on 
the grain size? 

Mr. Cotton: The first thing we want to investigate in the 
next phase of this work is how little lead must be present to 
affect grain size. Your explanation of the coarse grains is a 
good one. There is a sharp line of demarcation so that your 
idea sounds most reasonable. If there is a critical rate how can 
it be found? 

In reference to Mr. Romanoff's remarks, we do not suggest 
1emoving nickel from copper-base alloys. Most commercial 
bronze specifications permit 0.75 per cent nickel, and most 
commercial alloys have about 0.5 per cent nickel present. Since 
from this study there is apparently adequate nickel already 
present to give the desired beneficial effects you might conclude 
there is no reason to add any more nickel. That does not mean 
that more nickel cannot be added, but we cannot see any great 
advantage to further additions because there seems to be enough 
nickel in most commercial alloys to give whatever grain refining 
effect can be expected. 

J. C. PENDLETON: The melting and pouring temperature is 
most important. We bring the melt up to 2250 or 2300 F. 

Mr. Cotton: It is certainly true with many alloys that if you 
do not thoroughly melt and mix the molten metal segregation is 
a strong possibility. 

Mr. PENDLETON: It is difficult to alloy manganese bronze un- 
less you heat it up to 1950 F. 

Mr. Cotton: There is no doubt about the necessity for having 
idequate temperature of the bath to thoroughly alloy manganese 
bronze and aluminum bronzes. 

CHAIRMAN Rrippett: I would like to ask Mr. Colton a few 
questions on his remarks about shrinkage with the nickel addi- 
tions. He mentioned that there was no apparent affect on 
shrinkage. I think possibly that this might be tied up with 
the slightly reducing conditions which would tend to have an 
effect on the shrinkage characteristics of the various alloys. 

Another thing, I think some werk was done showing that an 
increase in the nickel content changes the solidification range of 
an alloy. The work was done on a tin bronze. To some degree 
do you not think that the change in the solidification range 
will have an effect on shrinkage? 

Mr. Cotton: There is the possibility of gas in the metal. You 
are entirely correct, the metal may have contained gas. All 
melts, however, would have had the same amount of gas, but 
different amounts of nickel. Presumably under those conditions, 
the gas had little or no effect. We had reason to believe, how- 
ever, there was no gas in these alloys. 

I have never been able to understand exactly how 1 per cent 
nickel can change the solidification range of these alloys appre- 
ciably. I cannot understand this any more than I can the reason- 
ing that phosphorus changes the solidification range of tin 
bronzes. I have never been able to measure these alleged 
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changes. It is difficult to see metallurgically how they can 
happen. 

It would seem that a small amount of nickel must have a 
minimum effect. In the course of making castings, think of all 
the other things we know have large effect, and think of the 
small effect this must have. 

CHAIRMAN RippeELL: I think they went up to 9 per cent nickel 
and the liquidus line went up gradually and the solidus lines 
went up quite steeply which would make the solidification range 
much shorter. At 9 per cent it was quite narrow compared to 
that at no nickel. 

If I remember the curve right, the points on the liquidus and 
solidus lines were determined at 1 per cent increments. The 
solidus line was determined metallographically and the liquidus 
line by cooling curves. 

W. H. JAcosson:® I am interested in the remarks the author 
made with reference to wire bars. When the oxygen content of 
wire bar is approximately 0.035 per cent you get a coarse grain 
structure. As the oxygen content is increased say to approxi- 
mately 0.05 per cent, we note the area of coarse grain structure is 
decreased with a corresponding increased fine structure area. 
Chis coarse grain structure, we believe, is due to the absorption 
of reducing gases which naturally increases with the decreasing 
of the oxygén cpntent. I am wondering if the coarse grain area 
in the author's investigation might also be due to reducing gas 
absorption, 

Mr. Cotton: I do not really know but we considered our 
metal more or less gas-free. 

Mr. JAcosson: Is it not possible that you would get a reducing 
gas absorption due to the graphite in your small crucible? 

Mr. CoLton: One answer to that, I believe, is that the con- 
tinuous casting process is carried out in all graphite system with 
no apparent ill effects. 

Mr. JACOBSON: However, the molten metal in your continuous 
cast solidifies at a faster rate and does not remain molten at high 
temperatures for as long a period as your procedure indicates. 

Mr. Coiton: The cooling rate varies somewhat but the 
product usually has close to theoretical density. This is in a 
reducing system. I agree, however, that your suggestion may be 
a possible explanation. 

Co-CHAIRMAN ScHWaAB: We had occasion to try to add copper- 
nickel shot as ladle addition to alloys melted in a cupola where 
the metal temperature is much higher than was used here and 
we found it extremely difficult to get the shot into solution. In 
fact, there were times when we would pick the shot out of the 
casting if we were not careful. That probably would bear in- 
vestigation. 

Mr. Cotton: The mixing characteristics of the induction fur- 
nace are excellent. In order to make exact additions it was neces- 
sary to use very small pieces of nickel shot and they would dis- 
solve at the surface of the melt. We tried to do our alloying at a 
temperature of 2150 F but in the melting process we may have 
raised the temperature higher. Close temperature control is diffi- 
cult to obtain with high frequency furnaces. 

Co-CHAIRMAN ScHWAB: I thought you made your addition 
somewhere slightly above 2000 F. 

Mr. Cotron: At least 5 min was allowed for mixing. We 
found no nickel shot in our castings and all our analyses were 
unitorm. 

CHAIRMAN RippELL: Mr. Colton, on melting in an induction 
furnace in 11 crucibles, does each crucible act like a separate 
furnace? I admit that in a single cavity in a high-frequency 
furnace you get good mixing, but will 11 of them act like indi- 
vidual crucibles with regard to mixing action? 

Mr. Coitron: Yes, each crucible apparently acts like a sepa- 
rate furnace with regard to stirring action of the metal. 

Mr. VANICK: I am still unsatisfied with the 5 per cent zinc 
addition. Why did that shrinkage occur? 

Mr. Cotton: Apparently all of these alloys had an opportu- 
nity to feed. Since the coarse grains were at the top of the 
“casting” the hottest metal must have been at the top. We found 
no pipe in any of the bars, so that any shrinkage had to be inter- 
nal or external below the top. In the zinc series the wall would 
collapse. It is possible that 5 per cent zinc changes the amount 
and nature of the solidification shrinkage. 
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“SPEC” SHEETS AND THEIR VARIOUS USES 


By 
John Taylor* 


ABSTRACT 


In this paper the author discusses the need for the use of 
specification sheets in the foundry for profitable operation. A 
specification sheet gives you something specific with which to 
back up quotations on casting orders. With the details of flask 
size, type of molding machine used or floor used, whether or 
not facing sand was used, etc., it is easier to justify a cost with 
this kind of information than it is with an approximate esti- 
mate. 


SPECIFICATION SHEETS FOR FOUNDRY WORK and 
blueprints in a machine shop are practically synony- 
mous in purpose. Blueprints have been used in mach- 
ine shop work for many years because it was found a 
long time ago that machine operators had to have 
specific details on the length of the cut, the diameter 
of the hole, the tolerances, etc. Before the use of 
blueprints, sketches were usually made by the mechan- 
ical engineer or the designer and the machine work 
was carried out accordingly, but as our production 
machine began to grow, it was found necessary to 
keep the original drawings or sketches in the engi- 
neering department and pass the information along 
to the machine shop in the form of blueprints. 

In the meantime, the assembling of machine parts 
was still left to the ingenuity of the supervision and 
workmen involved in this work. However, in recent 
years it has been found advisable to use sub-assembly 
or assembly drawings, and in many cases specification 
sheets so that sub-assembly and assembly work would 
be done according to the original design or, in the 
words of the home craftsman, “complete the assembly 
without having any parts left over.” 

Today it is almost impossible to walk into any 
machine shop or assembly plant, particularly any of 
our high production companies and find them doing 
work without the aid of blueprints or specification 
sheets. This information not only is a specific guide 
to the workman but it eliminates the vest pocket 
notebooks and the practice of the foreman trying un- 
successfully to carry all of the necessary information 
in his head. 

Comparing the progress made in supplying sufh- 
cient and proper details to plant supervision and 
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operators in the metal trades field to the same funda- 
mental practices in the foundry industry, a large gap 
is found to exist in comparable progress, particularly 
in jobbing and semi-jobbing foundries. Until the 
past 15 years, the use of specification sheets or cards 
was practically an unknown practice. New jobs would 
come into a foundry and, after a huddle between the 
superintendent and foreman and sometimes the mold- 
er, a decision would be reached as to the best method 
of making the mold. In many instances this would 
include the size of the risers or heads, the number of 
gates, the depth of the cope and drag, etc. The fore- 
man would usually mark down this information in a 
notebook or some mark would be made on a pattern 
with chalk whereupon the job was ready for the 
molder. Assuming that the decisions of the superin- 
tendent and the foreman resulted in the molder being 
able to produce a good mold, the balance of the order 
would be run and shipped. 
A Guide for Repeat Orders 

When the same castings were again required by the 
customer, the same procedure would be repeated be- 
cause no records were kept as to how the mold was 
made, whether or not the cope was vented or even 
what size flask was used. As the result of this kind of 
practice many foundries have lost thousands of valu- 
able hours of supervisory time and in many cases pro- 
duced unnecessary scrap simply because sufficient time 
was not spent at first to record the details of the job. 

Although some foundries have realized the value of 
specification sheets or cards and are now using them 
to good advantage, there is still a large percentage of 
foundries who have no records on how any particular 
casting is made. It has often been said by some found- 
rymen that the keeping of specification sheets would 
require a lot of filing space and yet these same found- 
ries maintain large pattern storage facilities without 
hesitation. 

Some foundrymen may reason that a good molder 
needs no specification sheet on how to make his mold 
but careful analysis will prove that this is not true. 
The old time completely trained molder can make a 
good mold without a specification sheet but in doing 
so “feels” his way. If this same job repeats itself after 
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a lapse of two or three months or more, he must 
again “feel” his way because his memory could not 
serve him well enough to remember all of the little 
details as well as the big ones. Another point in favor 
of the use of specification sheets is that foundries are 
faced with the problem today of having fewer and 
fewer skilled molders who can produce a mold satis- 
factorily. By the same token, a large percentage of 
today’s molders as well as coremakers are not appren- 
ticed workers and therefore do not have the job 
knowledge of the molders and coremakers of 20 or 30 
years ago. 


SPECIFICATION CARD 


FOR MOLDING 


FRONT 


MOLDING PROCEDURE AND STANDARD DATA 
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Specification sheets can and should be used, par- 
ticularly on molding and coremaking in jobbing, 
semi-jobbing and production foundries because it is in 
this type of work where the greatest losses occur today 
through the lack of proper information. This re- 
corded information can be established simply and 
effectively at the time the foreman gives the neces- 
sary instructions to the worker. After it has once been 
established it will save the foreman’s time and tend 
toward better accuracy because the written record is 
always better than the foreman’s memory. 

The simplest form of specification can be kept on a 
card indexed according to customer and/or pattern 
number with a rough sketch of the casting showing 
the position of the gates, runners and risers and the 
corresponding sizes. Adjacent to the sketch should be 
noted the other important details, such as length and 
width of flask and the depth of the cope and the 
drag. In this same location on the card should be 
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noted whether or not the cope must be vented and if 
possible the pouring temperature and analysis of the 
metal. All of this information must be determined 
before a job can be run and it will only require a 
few additional minutes to record this information on 
an appropriate card. In the small jobbing foundry 
these cards can be kept on file in the molding fore- 
man’s office so that they will be convenient at all 
times. In the larger jobbing, semi-jobbing or produc- 
tion foundries this information is usually kept on file 
in the Methods or Standards Department where it is 
available to the foreman at all times. In many cases 
these data can be made a part of the molding order 
so that the foreman gets this information when he gets 
the order to make the castings. 


Specification and Standard Data 


In more recent years it was found advisable to com- 
bine the specification data with the standard data 
used for the establishment of time values. By making 
this consolidation of information management has 
the information on the method and a breakdown of 
the time allowed for each element of the operation. 
The consolidated form, covering both method and 
time allowances per operation, has now been pro- 
jected into a very important management tool because 
it can, if properly used, serve a variety of uses. For 
example, it supplies the foreman with specific data on 
how the job was made the last time and it also sup- 
plies in detail the distinct elements of the operation 
for which time has been allowed. 


SPECIFICATION SHEET 


CORE BLOWING 


PATTERN NO. 











BOX NO. pa dicen 4 
MIX NO. rey 
WEIGHT OF BOX LBS. (USE LBs.) 
WEIGHT OF CORE _ LBs. (USE LBs.) 
CORES PER BOX _ BOXES PER PLATE Ee io 
Box 
Elements Allowance 
413 


Constant 

. 0056 x lbs. wt. of box and sand 

.015 x ft. of travel to oven + boxes per plate 
-029 x lbs. of sand per box 


Nails 
Per Box Time Per Box Time 
i .097 4 182 
2 -127 5 -196 
3 -157 6 .206 





STANDARD MINUTES/BOX = 


STANDARD MINUTES/CORE 
STANDARD HOURS/100 CORES 





SET BY 
DATE 
A simple specification sheet, covering core blow- 
ing, will illustrate the necessary details. In this in- 
stance, the information needed is the pattern number, 
the box number, the weight of the box, cubic inches 
of sand, the cores per box and the boxes per plate. 
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That information is the general job description. The 
other details needed are the travel from the blower to 
the oven, if the operator carries his work to the oven, 
the number of nails, if any, in the box and the sand 
mix. That is all the information that would normally 
be required to fill in the specification sheet for core 
blowing. 


Job Requirements Noted 

With this information, it is possible to establish an 
accurate time standard or piece work price on the job. 
However, the specification sheet for miscellaneous 
work on bench coremaking does require some addi- 
tional information. This operation, in addition to 
the above data, requires the length, width and depth 
of the core in order to compute the volume of sand 
and the area for strikeoff. The data must also specify 
whether it is a solid single box or a solid muitiple 
box, whether it is a split box, single or multiple and 
whether the sand is put into the box in a horizontal 
position or vertical position. That is the necessary 
job information. From these data the sand in time, 
the peening time, the drawing time and the strikeoff 
time can be calculated. The standard setter must 
also have information on loose pieces, number of 
chills placed or tucked, number of straight or bent 
rods, the number of nails and how they are placed 
and the other usual details concerned with bench 
coremaking. 

With this information on one sheet, the standard 
setter, as well as the foreman and the operator, then 
know exactly what is required in order to make the 
job and exactly what details are involved as to rods, 
nails, chills, whether or not the operator was given 
sufficient time for plate handling, whether or not an 
allowance was made for bedding and all of the neces- 
sary details that go to make the operation complete. 
The setting of standards or the setting of prices by 
this method does not require any great amount of 
time. After the information is obtained in regards to 
size of box, amount of sand, nails, chills, etc., it is 
then possible to set the average bench coremaking 
standard in approximately three to four minutes and 
with the simple specification sheet for core blowing, 
it is possible to compute this standard in roughly two 
minutes. In other words, the greatest amount of time 
involved is getting the necessary information posted 
on the sheet. After it is on the sheet, the balance of 
the procedure is simple and can be accomplished by 
practically any one with little, if any, knowledge about 
actual foundry practice. To further illustrate the sim- 
plicity of the calculations, after the information was 
posted on the specification sheet, the average core- 
maker can compute his own standard. 


Job Method Noted 


The details of the information for the specification 
sheet are usually obtained from the foreman of the 
particular department. The standard setter getting 
the specific details of the method from the foreman, 
automatically brings about a discussion of methods. 
In other words, through the discussion between the 
foreman and the standard setter, the details of the 
method often bring out elements which can be elimin- 
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ated or which can be reduced. 

In addition to methods and standard setting, speci 
fication sheets have two other important uses. The 
first of these additional uses is very important, pai 
ticularly in today’s labor relation programs becaus 
the “spec” sheet definitely and specifically will settk 
all arguments as to whether or not an operator has 
been given an allowance to perform a certain element. 
This feature can shorten a lot of arguments about in 
centive prices because the worker, the union steward, 
the foreman and the standard setter can all see the 
same information and all agree on what elements 
were recognized, and which ones were not recognized, 
as being necessary. 

Use for Estimating Purpose 

The fourth feature of this same specification sheet, 
which is used for methods, standard setting and labor 
relations, is that it can also be used just as effectivel\ 
for estimating purposes. The old fashioned practic« 
and one which still exists in a, good many foundries 
today, of estimating prices on molding, coremaking 
and cleaning by observation can now be done with 
accuracy by using the “spec” sheet. Given the prope: 
information from the respective supervisors as to the 
molding and coremaking details, an inexperienced es- 
timator can arrive at a final price that will be more 
accurate on individual jobs than the old fashioned 
observation estimate. Another advantage to this type 
of estimating is that it is in sufficient detail so that 
the actual methods employed can be checked with the 
original estimate and corrections made accordingly 
if there are any great differences. 

To carry this same thought a little further, assum¢ 
that an estimator quotes on a job that is to be made 
in a flask 20 in. x 30 in. x 10-in. cope and 10-in. 
drag, and according to the customer the pattern will 
be mounted so that the work can be performed on a 
rollover machine. In this case the estimator would 
use the standard data available for a rollover machine 
and would compile his estimate accordingly for the 
molding price. Going further on the same job, as- 
sume that when the pattern equipment did arrive it 
was found that the pattern was not mounted and 
therefore, would have to be made on the floor. When 
the molding price would be set for these conditions, 
it would naturally require a greater length of time 
for the job to be made from a loose pattern than 
would have been the case if the pattern was mounted. 

The estimator, in good faith, also assumed that the 
core boxes were in good condition and estimated on 
the coremaking accordingly. But when the core boxes 
arrived it was found that they were in poor condition 
with the result that although the cores could be mad 
as originally planned, a considerable amount of ad- 
ditional time had to be given to the coremaker to 
patch and repair the cores so that they would be sat- 
isfactory for use. With the proper recording of time 
for molding and coremaking by the operators and a 
check against the original quotation by the Cost or 
Estimating Department, it would be revealed that 
there existed a considerable discrepancy between the 
origina] quotation and the actual cost of the job. 

By having a detailed specification sheet, the esti- 
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mator is then in an excellent position to analyze the 
cost and find out exactly where the differences oc- 
curred which caused the discrepancy. With the specifi- 
cation sheet broken down into elements, he can easily 
quote the greater differences in cost between the meth- 
od as originally assumed and the actual method that 
was followed in the shop. With this information in 
hand he can approach the Sales Department and in- 
sist that the original quotation be revised because it 
was not possible to make the job according to the ori- 
ginal specifications as given to him by the customer. 
Without a detailed specification sheet, the estimator is 
not in a position to do this and it is a known fact that 
in many foundries today quotations are made for one 
set of conditions whereas the job is often made under 
entirely different conditions and yet no actual check 
is made to see why there was such a variation in cost. 

In many instances where a specification sheet setup 
was installed, the specification sheet from the Esti- 
mating Department is discussed with the foreman 
when the job comes in so that the foreman can know 
immediately just how the original quotation was 
made. If this procedure is carried out, it will often 
save the foundry a lot of time and headaches because 
many cases have been found where the foreman has 
said that the job could not be made as it was origin- 
ally planned. At that point the Sales Department can 
inform the customer that the job cannot be made in 
accordance with the original plans but must be made 
under a different procedure and the original quota- 
tion must be changed accordingly. 

Comparison of Estimate and Cost 

A good estimating setup will not operate properly 
unless there is a definite comparison between esti- 
mated and actual prices. It is on this point where 
many foundries are lax, because they do not attempt 
to compare the two prices either before or after the 
job is finished. If this is not done, the most exacting 
and properly made specification sheet will not be of 
complete value to any organization because an esti- 
mate that is made only for the Sales Department and 
not used to check against actual cost is not perform- 
ing its full function. 

Too much emphasis cannot be placed on this func- 
tion of the estimating data because it is at this point 
that so many foundry managements get themselves 
into trouble from the standpoint of making a profit. 
If the estimating prices are carefully checked with 
actual costs, not necessarily every time, but at least 
the first time the job is run, management is then in a 
position to know which jobs are good jobs and which 
jobs are not good jobs. In other words, the jobs on 
which they are losing money should be re-estimated 
and the new price submitted to the customer. 

In many cases where it is found that the original 
estimate is too high, it is also quite advantageous in 
the long run to advise the customer that the job can 
be made cheaper than was originally quoted. To say 
this may seem a little unusual in some cases, but in 
the long run, it will bring about much better cus- 
tomer relations. If this so-called ironing out process 
is not carefully followed, foundry management begins 
to realize smaller profits the moment business starts 
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to decline. The customer who is being overcharged 
will be the first one to pull his patterns from the 
foundry and take them to some other foundry where 
he can get a better price. 

By the same token, the customer who is getting his 
castings at a low price will naturally leave his cast- 
ings at that place with the result that the profitable 
jobs are pulled out and the unprofitable ones remain. 
Although production may have gone down 10 or 15 
per cent, the profit may have entirely disappeared. 
Ihe foundry is then operating at a loss, even in the 
face of reductions in overhead that may have been 
made, because, if the original quotations are actually 
lower than the true cost of the job, all of the reduc- 
tions in overhead normally would not be sufficient to 
overcome the losses that would be occurring. 

This particular procedure may be common practice 
in some foundries, but there are numerous foundries 
where estimates are made and no comparison is made 
between the estimate and the actual cost. There are 
also many foundries where the estimate for each op- 
eration is made by the molding foreman or the super- 
intendent merely looking over the drawing or pattern 
and the core boxes and judging that the production 
will be a certain number of molds per hour and the 
coremaking would be a certain number of cores pet 
hours. This is often done with no specific regard for 
the particular methods that must be employed in ac- 
tually making the job. 

Granted that the use of a specification sheet does 
take a little longer than the observation estimate, 
management, nevertheless, does have something spe- 
cific with which to back up its quotation. With the 
details of flask size, type of molding machine used or 
floor used, whether or not facing sand was used, etc., 
it is easier to justify a cost with this kind of informa- 
tion than it is with an approximate estimate. 


Useful Data for Management 


Another valuable use for this specification sheet, 
from an estimating standpoint, is that the estimator 
is in an excellent position to supply management with 
any details they may require in reference to the 
change in job costs if a particular change is to be 
made in the procedure. Because the data on the spe- 
cification sheet is broken down into elements, the esti- 
mator can, for example, tell management what the 
change in cost would be if the molds were made in a 
different size flask or if the cope or drag were changed 
in size or any one of dozens of different conditions 
that could change. All of this information can be 
supplied to management without the necessity of an 
experimental run or without the necessity of going 
out into the shop to talk it over with the foreman or 
the superintendent. 

In the final analysis, either would have to give an 
approximate estimate of what the change would be or 
actually time the job under the old method and the 
proposed method. Along these same lines, the speci- 
fication sheet can also become a methods analysis 
sheet when the quotation is made up after the work 
has been started. In many cases, use of the “spec” 
sheet as a method analysis sheet is very valuable. 








INDUSTRY PARTICIPATION 
TRAINING PROGRAMS FOR THE FOUNDRY 


“In the long run, the future of any business is 
more dependent on the kind of people in it than on 
any other one element. How successful a company is 
as compared with others within an industry largely 
depends on its success in developing the right kind of 
men for management responsibilities.’ 

Mr. Given, the chairman of the board of directors 
of American Brake Shoe Co. said this in a speech in 
1950. He has been building the company on this 
foundation for over 20 years. 

Two important parts of this idea are a planned 
training program and, second, promotion from within 
the company whenever possible. Naturally the two go 
hand in hand. 

In my five years with American Brake Shoe Co., only 
one important position in the company has been filled 
by a man not already within the organization. This 
is a vital fact to all of us who work for the company 
today. We know that if we do a good job, it will be 
recognized. We also know that men in top manage- 
ment will be continually loading responsibility on the 
younger men. There is no other sure test of ability. 
We know we are expected to make decisions, in fact, 
God help us if we don’t! At American Brake Shoe 
Co, it is a much worse mistake not to take a chance on 
a well considered proposal than it is to stick one’s neck 
out. A man who cannot make a decision will not be 
often asked to. 

In other words, we know what is expected of us. 
All we have to do is follow through. We will not be 
forgotten. 

How does American Brake Shoe Co. get men who 
are willing to accept these responsibilities? How does 
it train them? Our company has ten manufacturing 
divisions. Each has its own president and its own 
operating head, sales head. Each division is a unit, an 
individuality, performing a complete business func- 
tion. The divisions operate with a headquarters serv- 
ice section, headed by Mr. Given, including the secre- 
tary, treasurer, comptroller, general purchasing agent, 


* Assistant General Purchasing Agent, American Brake Shoe 
Co., New York. 


By 
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IN SECONDARY SCHOOL 


advertising manager, export director, research direc- 
tor, and the departments these men handle. These 
people are specialists in their jobs and are there to 
free the division personnel for their prime function 
production and sales. 


Hiring of Personnel 


Hiring people is the responsibility of the divisions, 
because they are responsible for their people after 
hiring, and because a measure of the success of a 
division boss is the organization he builds up to carry 
on. It would be too easy to blame mistakes, even 
losses, on men hired by headquarters. However, head- 
quarters does offer help. It works this way: the divi- 
sions advise headquarters development section how 
many men they need and the type of job for which 
they are to train. At present we are only hiring tech- 
nically trained men. This means engineers and metal- 
lurgists. We feel that an interest in technical subjects 
is a necessity in the foundry industry today. As a gen- 
eral rule engineers have this interest. We also feel 
that the odds of finding management material from 
a group of engineers will be the same as from a group 
without such training in college. This does not mean 
that emphasis is put only on scholastic ability because 
we will often hire a man with a good personality and 
average grades. Perhaps with metallurgists we do 
give more weight to book learning but this is not al- 
ways the case. Of course we will not turn down an 
outstanding man without technical training. 

With this background several people in headquar- 
ters screen men in approximately twenty colleges and 
universities; many of them are in the east, some in the 
south and midwest. We make personal interviews as 
far west as the Missouri School of Mines and, of 
course, have applications and hire men from the West 
Coast. If the people who visit a university for screen- 
ing like a man they see, they may ask him to report 
directly to a particular division or ask him to go to 
New York to meet other people in the New York office 
including, probably, even the president. This is usu- 
ally done either because the screener is not sure of his 
judgment or because he knows he likes the man but 
would like assistance in placing him in the right spot. 
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T. W. Russet, JR. 


Often we will ask a man to look at two or three divi- 
sions, even though he may know the one he wants. 
The man and the division will make the final decision. 

In addition to the men who are selected in this 
way, there are others who are hired directly by the 
divisions, either because they seek out a division for a 
job or are sent there by friends. We consider it a 
compliment to the company when its friends send 
men to us. Naturally the same is true when American 
Brake Shoe Co. people bring their friends to the 
company. 

In addition to the college trainees, there are also 
available for positions of responsibility the men who 
move up from the ranks—molders who become fore- 
men, foremen who become superintendents, etc. For 
example, in one division, in the five-year period im- 
mediately :fter the last war, 41 men in this category 
were promoted. A few of these had a college educa- 
tion but most did not. These men were clerks, mold- 
ers, laborers, coremakers, watchmen, and cupola 
tenders. 

I shall concentrate on the college graduates, not 
because they are most important but because this 
part of our training fits more appropriately into this 
discussion. 


Training Program 


Generally our training program for operating ap- 
prentices is planned for a two-year period. It’s basis 
is learning by doing. Most of our foundry divisions 
have written flexible training schedules: 2 months on 
floor molding, 2 weeks in the shipping department, | 
month in the metallurgical laboratory, 1 month in 
the standards department, etc. These written sched- 
ules facilitate administration of the course, because 
there may be three or four apprentices in one plant at 
the same time. They keep a man from wandering 
about without direction and they allocate time more 
efficiently. 

In each department the apprentice works with an 
expert for part of the time and then very often works 
on his own. For example, in floor molding he will 
work with a journeyman molder for 1 month, shovel- 
ing sand, operating a rammer, helping to draw pat- 
terns, set cores, etc. Then he may spend | month 
molding patterns by himself, doing his own risering 
and gating, fitting his cores, judging mold hardness, 
and possibly even pouring the iron himself, so he 
cannot blame anybody else if he makes a scrap cast- 
ing. In other words he develops a strong back while 
keeping his mind alert at the same time. It is cer- 
tainly not a sight-seeing junket. 

However, because there is more to the foundry busi- 
ness than making sound castings, the operating ap- 
prentice also works in the office—he does cost estimat- 
ing, production scheduling, shipping, and general of- 
fice work. This usually occupies about 25 per cent of 
the course. 

A sales apprentice will spend considerable time in 
the foundry—usually 6 months to a year. Then he con- 
centrates on the other sections which are particularly 
important to him—engineering, estimating, etc. Fur- 
thermore, his training will continue for some time 
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after he leaves the plant. He may spend a year work- 
ing with three or four salesmen out of one office, to 
learn the customers and his own products and also to 
observe different methods of selling the same item. 

An accounting apprentice will work in the plant 
for 3 to 6 months, then will work in the bookkeeping 
section of the plant. After this he will usually work 
at several other plants, either to learn different sys- 
tems of accounting procedure or different applica- 
tions of the same system. He is always encouraged to 
learn what the numbers mean rather than to be mere- 
ly satisfied with the correct total. We feel that the 
young accountant must realize how important original 
thinking is, how much he can help the superintend- 
ent by translating columns of figures into facts which 
can be easily understood and used to lower costs or 
even increase production. 


Metallurgical Department Trainees 


Apprentices in the metallurgical department may 
take either of two steps. The first is training in a 
division plant or plants. In this case his course may 
be very much like that of an operating apprentice ex- 
cept that he will have more time for technical sec- 
tions and will always go to research headquarters of 
the company in Mahwah, N. J. The second step is a 
complete course at research headquarters. Here he 
will work in each section of the laboratory just as 
operating apprentices work in each department of the 
foundry. He will work under the section heads for 
several months, then will assist a metallurgist on one 
or more projects, and finally will be assigned projects 
of his own. 

Almost all apprentice metallurgists take this second 
course. 

Some sales apprentices also take a specialized train- 
ing course in the metallurgical department. It runs 
from 9 months to 2 years, depending on the product. 
These men go out, fully equipped with a complete 
technical background. We believe that if these men 
use imagination they will have a big impact on the 
sales of their products. 

When hired, an apprentice receives a monthly sal- 
ary which is the amount we have to pay to get the 
man we want. Starting salaries for recent college 
graduates are at a general level just the same as wages 
for any workers in a free labor market. We normally 
meet the top half of this average rate. Sometimes we 
will go over the average to get a man we really want, 
either for his special training or special qualities 
which we think will be valuable to the company. How- 
ever, we do not like to bid against another company 
because we feel that this makes the dollar sign as- 
sume an importance all out of proportion. We wou'd 
rather lose a good man than have him come to us 
only because of financial considerations, 

The apprentice receives a salary increase either at 
the end of 6 months or a year; that is division policy. 
Usually there has been at least one other increase by 
the time he starts his first regular job. The second and 
all subsequent increases in salary are based on merit. 
As a matter of fact the first one is, in a way, because 
if the apprentice does not get it, he knows he has not 
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been doing satisfactory work and it gives us an op- 
portunity to discuss his faults with him. 

There are a number of features which are found in 
all our training courses which help to develop and 
broaden the apprentice and also make him feel that 
he belongs. We think he must understand the bal- 
ance between human relationships and cold operat- 
ing functions—that as he is trying to get more produc- 
tion from a jolt-rollover, he must think first of the 
men who are making it produce, that if he looks at 
a set of numbers and finds his costs increasing, he 
must remember that it is more probably lack of har- 
mony between people than inefficient machines or 
equipment which causes it. 

While he is in a plant, the apprentice has the run 
of the shop—he can ask all the questions he wants of 
anybody, and if his attitude is reasonable he will get 
an honest answer. The superintendent's door is al- 
ways open, whether it be to answer more questions or 
give advice which was asked for. The superintendent 
is responsible for the progress of the apprentice and 
the flexibility of the course permits him, even forces 
him to make any necessary changes in the outlined 
course. In fact, if any one man, other than the ap- 
prentice himself, can make or break the course, it is 
the superintendent. If he does not believe in, has 
not been sold on the course, it cannot succeed. He 
has to be teacher, boss and friend. All of this work is 
in addition to his job of running a plant. Nothing 
but faith in the aim of this training can make him 
devote the time necessary for the course. From exper- 
ience under one, I can testify that a good superintend- 
ent 1s a must. 


Plant Visitation Program 


Another feature of the course is the plant visit pro- 
gram, apprentices will usually inspect at least one 
other plant in the company and may inspect several 
outside foundries. Should there be an opportunity, 
they may work for several weeks in another plant. 

After an operating apprentice has spent a year in 
the foundry, he may substitute for a sick foreman or 
perhaps fill in for a foreman on vacation. In emer- 
gencies he may help out in another plant in a super- 
visory Capacity. 

There is still another part of the course which 
comes at the end of his training. The apprentice often 
spends a few days in N. Y. headquarters to learn how 
he can help the service section and how it can help 
him when he is in trouble in a plant. It is at this 
time that he can better realize the relationship of the 
individual division to the headquarters section. The 
latter is very much like the army staff headquarters 
which takes most of the burden for administration 
off the shoulders of the line outfit so that it can con- 
éentrate on fighting. Our headquarters takes over 
these jobs so that the divison can give all its efforts to 
production and sales. 

The apprentice writes a report at the end of his 
time in each department. This enables the superin- 
tendent of the plant and his boss to find out what 
the man is learning or, more important, what he is 
not learning. It also helps this apprentice tie to- 
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gether all the facts he has picked up and makes him 
put things in the proper perspective. 

Another feature which has been valuable for both 
apprentices and management is the occasional lunch 
eon held in our board of directors room. Usually six 
apprentices from nearby plants will come to N. Y. 
and will have lunch with the chairman, president and 
two or three other men in responsible positions—a 
division president or the secretary or the accounting 
or research head. At these meetings no holds are 
barred and any question can be asked. Overall com- 
pany policies are discussed; why American Brake Shoe 
Co. operates as it does, the historical background of 
the company, profits or sometimes even losses. Usually 
the main topic is in answer to an apprentice’s ques- 
tion. These meetings give the trainee a better idea 
of the kind of company he is working for and the 
kind of people who guide the business. In turn, man- 
agement apparently likes the close contact with the 
apprentices. The executives learn first hand what the 
younger men are thinking about and what is bother- 
ing them. 

In connection with the latter, we have also had 
another type of meeting, also beneficial to both ap- 
prentices and management. From six to ten younger 
men from different divisions and different sections of 
a division meet in the head office. At the first meet- 
ing a company officer explains that they have been 
called together with the idea that their personal and 
collective experiences in the company will lead to 
criticism and suggestions about the weaknesses of the 
training courses and the manner in which company 
policies are carried out in the plants. When the of- 
ficer leaves the group, it is understood that no holds 
are barred and an anonymous report will be written. 
There may be two or three other meetings with no 
officer or outsider present, so that there is a completely 
free interchange of ideas. After the final meeting, 
the group submits a summary of its discussion and 
recommendations. Then Mr. Given, company presi- 
dent, or someone in top-management goes over the 
report point by point, to explain where necessary and 
to try to read between the lines of any obscure sug- 
gestion. 

These meetings bring together men at different 
points in their courses, from different divisions, and 
make them take a look at themselves and then make 
management take a look at itself. Sometimes there 
are very basic questions. The apprentices leave the 
discussion with a better knowledge of company policy 
and people and a more balanced picture of themselves 
and their bosses. Obviously management learns where 
its efforts must be aimed. 


Transition Difficulties 


One of the important facts which management 
learned from these meetings was the difficulty the 
apprentices had in the transition from their training 
course to their first job. 

The operating apprentices usually go out to a plant 
as foreman in a department; sometimes it’s as assist- 
ant foreman, occasionally as general foreman in a 
smaller foundry. Sales apprentices may either be given 
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a territory of their own or work with another sales- 
man. The metallurgist will either remain at research 
headquarters or go to a division, to work either in 
the division metallurgists’s office, as plant metallurg- 
ist, Or sometimes in the sales or operating depart- 
ments, 

In all these cases the individual is thrown on his 
resources to a greater or lesser degree. We have learned 
that this so-called post-apprentice period ‘is often a 
most difficult one for him. The transition from stu- 
dent in a plant to foreman on a conveyor line or to 
salesman in a tri-state area is a severe one. Until the 
men become settled in their regular jobs, they natur- 
ally have many hurdles to jump. Also, there is natur- 
ally less frequent contact with his headquarters and 
boss than there was. That he sometimes feels lost and 
forgotten is probably natural but also may occasion- 
ally be a fact. To overcome this problem, we have 
one man in each division who acts as a friendly coun- 
sellor, giving advice and listening to complaints, sug- 
gestions, etc. Perhaps he sees the apprentice and is 
able to have a talk with him three or four times a 
vear. We do not think this counselling plan is a 
substitute for having each apprentice handle his own 
relations with others in the company or for his ef- 
forts to develop his own progress in the most intelli- 
gent way he can, but we do think it a worthwhile 
supplement to the course. 


Apprentice Training Program 


We feel that actually nobody stops learning or train- 
ing for a bigger job—at least he does not stop unless 
he has reached his limit. American Brake Shoe Co. 
tries to continue the development right on up until 
the top job is attained or until retirement is reached. 
The later development and individual growth is an- 
other subject, but its basis is the same as the present 
one. We believe in loading responsibility both as a 
means of testing a man and of helping him grow. We 
have flexibility and fluidity. One recent operating 
apprentice is selling brake shoes, another is a district 
works manager in his division, another, the writer, 
is in purchasing. All of us are still with American 
Brake Shoe Co. 

Our training course succeeds to the extent it does 
because top management believes in it and works on 
it. It makes it relatively easy to find out, early in 
the game, how much a man has to offer. We will con- 
tinue to change the course, to improve it again and 
again. We do not expect to do away with it. 


DISCUSSION 


Chairman: W. H. Rute, Polytechnic Institute of Brooklyn 
Brooklyn, N. Y. 

Co-Chairman: G. B. Barker, University of Wisconsin, Madi- 
son, Wis. 

F. C. Cecu:* Do you give your apprentices any ‘text material 
to study while going through their apprenticeship. 

Mr. RussELL: We have no specially prepared text material in 
our apprenticeship courses. We recommend that the apprentices 
study certain A.F.S. publications. 

Mr. Cecu: Please elaborate on the training you give the non- 
college man. 


Head, Patternmaking Div., Cleveland Trade School, Cleveland. 
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Mr. RusseLt: There is very little I can add to what has been 
given in the paper. We have plant superintendents who contact 
schools in certain cities. As a general rule we hire the man 
who applies for employment and train him after that. Generally, 
a man will start as day laborer, and if he has potentialities and 
is interested, we keep moving him up. There is no limit to his 
advancement. 

F. W. Suipcey:* We send our foundry instructors or machine 
shop instructors to various high schools, even to distant cities, 
to put on demonstrations and describe in detail all the different 
apprentice courses we offer. We invite people into the plant to 
interest their sons in the various training courses throughout 
the plant. 

Mr. Cecu: You have an aggressive program. 

R. W. ScHroeper:* I am glad to hear Mr. Shipley make that 
statement, because it shows that industry does try, and if inter- 
ested will go out and bring these boys in, rather than have them 
drift by the door. When industry is interested they will receive 
the help which is needed. 

C. J. Freunp:* Is the superintendent of the various plants 
exclusively in charge of the training, or does he have a staff 
member whose job it is to train these young men in the plant? 

Mr. Russet: We do not have a Personnel Dept. as such ex- 
cept in two small divisions. The plant superintendent is in 
charge of apprentices in his plant. He reports to the operating 
vice-president as to the progress and potentialities of these ap- 
prentices. Top management feels very strongly the need for 
this training program. 

Mr. Freunp: How many apprentices do you have? 

Mr. RusseLt: This year we are hiring 30 to 40 college grad 
uates who will be put through a training program of 6 months 
to 2 years duration. Six is the maximum that any one superin- 
tendent will have. 

F. G. Serinc:® What about the smaller companies? They will 
review what your company does and then say, “That is all right 
for a big company, but how can we do it in our organization?” 

Mr. Russett: 1 believe strongly in this program to think 
they cannot afford not to have such a training program. I think 
their difficulty is that they cannot afford a large number of 
apprentices and therefore their first choice has to be right. 
If we hire 40 graduates and guess wrong on two of them, we 
naturally do not lose quite as much as the man hiring one and 
who wastes 2 years finding out that that one man is not suitable. 
He would have to be very careful in hiring. 

Mr. SeFING: These small companies do not know how they 
can apply a training course when one superintendent or one 
technical man comprises their entire technical staff. Small shops 
are frequently overwhelmed in taking on and training one, two 
or three engineering graduates. 

Mr. Russett: What would they want the man for? 

Mr. SeFinc: To build up their organization. They are leaning 
the whole organization on two men and they ought to have four. 

Mr. Russett: The first thing you must do is to assure the 
first two men that you are not trying to get rid of them. Maybe 
there is just a small cupola and a small shakeout, but an appren- 
tice can take a full 2-year course there and learn much. Ow 
procedure can well be adopted by smaller companies. The top 
men would have to be sold on the training program. You would 
have to sell them on the idea that they must help teach this 
apprentice, that you think the organization is thin and you 
want additional personnel. You can take the man out to lunch, 
to safety meetings, do everything to make him feel he is a part 
of the company and has some future in it. He must feel man- 
agement is interested in him. 

Member: Then the reasonable success of the course in any 
size company is the interest you take in the man rather than 
what you teach him? 

Mr. Russett: Yes. We do not teach them much. They learn 
it themselves. 

C. T. MArek:® I have attended these meetings quite a few 
years and each time I heard considerable complaining about in 
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dustry not doing their part and also about education not doing 
their part. I am wondering if it would be advisable to have 
someone take hold of this program and lead it. I wonder if you 
recognize the fact that these teachers in our schools are working 
just 9 or 10 months a year and must procure employment for 
the remaining 2 or 3 months. It is a wonderful opportunity for 
industry to say “Come on over to my place. I will give you a job 
and show you what the Foundry Industry is like.” You could 
make foundrymen out of them pretty fast. They like that se- 
curity, too. 

I wonder if somebody else is going to take advantage of that 
before we do. Give them a job! Help them and they will in 
turn do for you what you have failed, in the past, to accomplish 
by yourself. 

I have had several boys come to me, after a year or two of 
teaching experience, asking me what they can do to get a 
foundry course started in their school. I advise them to go out 
to industry and get acquainted with the people in industry and 
see what they can do to help. So far, I have not heard of any 
success. I think I talked to one boy and he said he gave up 
the idea. In other words, there was not enough enthusiasm on 
industry’s part. I think you could do more toward encouraging 
and inspiring this educational idea by giving these instructors, 
your teachers, jobs. 

Also, you should have a co-ordinative member in charge of 
this educational program who keeps a record of those teachers 
and checks up with the schools to find out whether these in- 
structors in vocational education were offered jobs, and where 
they are placed. 

Mr. Freunp: The foundry superintendent who is asked to take 
a bright young man into his shop ought to be enthused to have 
the young man simply as a stimulus. You do not want second 
rate men around if you have any sense. I think that is an argu- 
ment you can use on an alert man. 

Mr. Russet: We have found that the men who do not want 
apprentices in the plant are generally the ones not doing the 
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best that can be done. The top notch superintendents want to 
have younger men around them. 

S. C. Wasson:* The fact ihat we hear so often that smail 
foundry organizations or certain foremen will not take in young 
graduates seems to be getting worn threadbare. I sometimes 
think we in top management use that as an excuse for following 
the line of least resistance. If we really want the young in our 
foundries, and are going to give the men attention and push 
them along, and can give them further education, we can over- 
come the resistance to their entering our shops by spending time 
talking with those in our organizations who seem to resist 
seeing new blood come in. Many times these older men, who 
look down on the young engineer, become the young fellow’s 
best boosters once they start working together. 

Prof. Barker asks what industry wants out of the schools. 
Prof. Barker’s school is doing a fine job, but the main thing we 
must do in our high schools and at the college level is to 
present the Foundry Industry as an engineering, technical, sci- 
entific industry. Certainly there is hard work in it, but there is 
a lot beyond that. If we present the industry to these high 
school and college students in the right light, most of them will 
want to come with us. That is what we are trying to do at the 
F.E.F. schools in a way that has not been done before. Instead 
of presenting a pile of sand and a cloud of smoke, we are pre- 
senting an engineering opportunity. 

Mr. SCHROEDER: I mention to my students ai the University 
that a number of years ago a graduate of Dartmouth College 
was asked why he had chosen the foundry field for his life work. 
He answered, “Because there is so little competition for top posi- 
tions.” I bring out to the engineering students that the foundry 
is a good place to work in if you are willing to work hard for a 
few years. I am glad to report that a number of our students 
are going into the Foundry Industry this year. They like the 
challenge. But we still must sell those on the high school level. 


7 Manager, National Malieable & Stee] Castings Co., Cicero, Ill. 
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HEAT FLOW IN MOIST SAND: 


By 


Victor Paschkis** 


1. Introduction 


STUDIES ON SOLIDIFICATION OF CASTINGS made on 
the Heat and Mass Flow Analyzer are based on the 
knowledge of the thermal properties of the casting as 
well as the mold. In former reports! the influence of 
thermal properties of steel as well as of the shape of 
the casting on the solidification rates were examined, 
but the differences in the sand mold have received 
little attention. In the report for the year 1949-50,? 
the influence of varying conductivity of dry sand was 
examined and an appreciable influence of the con- 
ductivity on solidification rates was found. 

In foundry practice, however, moist sand is fre- 
quently used. This applies not only when casting in 
green sand, but also when dry sand is being used. 
After drying, the sand may absorb moisture from the 
air. It should be remembered that actual foundry 
sands are composed of sand, clay and binders, and 
that it is a simplification to talk only of “sand.” 

For dry sand it is customary to speak of “thermal 
conductivity,” defining same as the rate of heat flow 
per unit area across a thickness of unit length under 
the influence of a temperature drop of one degree 
Fahrenheit. This definition is used even if the heat 
flow actually occurs in part by conduction from sand 
particle to sand particle and in part by radiation. 
Therefore it would be more appropriate to speak of 
“apparent conductivity” of dry sand. This apparent 
conductivity is a function of temperature but other- 
wise constant. 

Heat transfer in moist sand is more complex. In 
moist sand heat transfer occurs in part by conduction 
from sand particle to sand particle and in part by 
conduction across the water which fills the interstices 
of the sand. However, as the moist sand is being 


*This is a report on a Research Project sponsored by the 
A.F.S. Heat Transfer Committee at Columbia University. Mem- 
bers of this Committee are as follows: H. A. Schwartz, Chair- 
man, J. B. Caine, V. Paschkis, A. E. Schuh, C. E. Sims, H. F. 
Taylor and E. C. Troy. 

**Technical Director, Heat and Mass Flow Analyzer Labora- 
tory, Columbia University, New York City. 
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heated the moisture migrates under the influence of 
change of pressure; thus an additional element of 
heat transfer by convection is introduced. Moreover, 
practical moisture content in sands is always so small 
that not all interstices are filled by water. Therefore 
part of the heat transfer still occurs according to the 
same pattern as that prevailing in dry sand, namely, 
across air spaces. 

The work covered in the present report started at 
the end of the business year 1948-49 but had not ad- 
vanced enough to submit a report. It was completed 
in the business year of 1949-50 but should still be con- 
sidered only as a first step towards exploration of these 
conditions. 

The concept of combined heat and moisture migra- 
tion is so complex and the experimental technique so 
involved that this report deals entirely with a ficti- 
tious assumption, namely, that the “hot surface” of 
the mold is suddenly raised in temperature from 70 F 
to a high vaiue and held at that value for a consider- 
able length of time. This hot surface represents the 
casting-mold interface and actually experiences vary- 
ing temperatures. In later experiments this condition 
can be simulated. 

It should be noted that even if the concept of con- 
stant hot surface temperature does not hold, condi- 
tions in actual casting are reasonably similar. The 
interface between casting and mold remains for a con- 
siderable length of time at nearly constant tempera- 
ture. 


Il. Program 


As mentioned in the introduction, the program was 
carried out in two steps: the first in 1948-49 was a 
preliminary experiment based on the more simple 
concept that conduction in the sand was the same as 
in dry sand, and that merely convection of moisture 
was superimpesed on this conductivity. 

In the winter 1949-50 a paper by Tanasawa* came 
to the attention of the author, which describes a tech- 
nique of studying apparent thermal conductivity of 
moist sand. Based on this paper the more complete 
concept indicated in the introduction was developed 
and was made part of the main body of the experi- 
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ments. However, before accepting this concept the 
figures of Tanasawa were compared with the consid- 
erations of Austin.* This comparison is contained in 
the Appendix together with some more theoretical 
considerations which are essential for the continua- 
tion of the studies but not of immediate interest to 
the practical foundryman. 

In these main experiments, the influence of the 
magnitude of the assumed temperature rise of the in- 
terface was examined. 


Ill. Properties 


The preliminary experiments were made with the 
sand as assumed in previous work of the laboratory.! 
The conductivity of the sand was 0.9 Btu/ft,hr,F and 
was assumed not to change with moisture content. 
The moisture content merely changed the apparent 
specific heat. As the sand dried out, the heat of evap- 
oration was extracted in one section and introduced 
in a later one in the form of heat of condensation. 

The specific heat of the dry sand was assumed to be 
0.28 Btu/lb, F. Density was assumed to be 93.6 Ib/ 
cu ft. 

In order to be able to compare performance of 
moist sand with that of dry sand, it was decided to 
use in the main experiment the sand designated as 
20-30 in the paper by Lucks and co-workers.5 ‘That 
sand was also investigated and reported upon in a 
paper “Influence of Dry Sand Conductivity on the 
Rate of Freezing of Steel Slabs.’’ 

This sand has a dry density of 108 Ib/cu ft. 

The thermal conductivity is shown in the above 
quoted paper by Lucks. By extrapolating beyond his 
values, the following conductivities were found and 
were used in the present work (see Table 1). 


TABLE 1—THERMAL CONDUCTIVITY OF Dry SAND 20-30 
EXTRAPOLATED AFTER LUCKS AND Co-WoRKERS 








Temperatures, F Conductivities 
Btu/ft. hr.F 
2200 0.704 
2000 0.600 
1750 0.480 
1500 0.417 
1250 0.350 
1000 0.300 
750 0.250 
600 0.215 
500 0.191 
400 0.169 
300 0.149 
212 0.133 





Physical considerations showed that probably the 
influence of temperature on the conductivity below 
212 F is negligible compared with that of moisture 
content. The computation of the conductivity de- 
pending on moisture content is given in the Appendix. 
At present a sand with a moisture content of 4 percent, 
referred to the dry sand weight has been investigated; 
the:conductivity values .for this :moisture content. is 
shown in Table 2. In this table the first column 
shows the percentage of moisture content expressed 
in parts of the original moisture content. Column 2 
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contains the conductivities for 4 percent original mois 
ture content. 

Regarding the designation of moisture contents 
reference is again made to the Appendix. Moisture 
contents can be expressed in percentage weight of the 
dry sand (M,) or percentage weight of the mois: 
sand (Mz) or finally as percentage of the volum: 
taken up by water. The standard designation of mois 
ture in foundry work is in percentage of the mois: 
sand. Inasmuch as the moisture changes during the 
drying out it seemed more practical to show both th« 
percentage referring to moist sand (Mg, and in addi 
tion the percentage referring to the dry sand (M)). 

For the specific heat of sand a value of 0.28 Btu/Ib 
F has been used in previous publications of this lab 
oratory. The specific heat is quite a marked function 
of temperature and therefore a variation of specific 
heat with temperature was introduced in the present 
experiments according to tables in Schack,’ Groeber* 
and Norton.® Interpolation was made between th« 
following values: 

70 F, 0.19 Btu/lb, F 
1100 F, 0.23 Btu/lb, F 
2200 F, 0.28 Btu/lb, F 
The specific heat of water is of course | Btu/Ib, F. 


IV. Experimental Results 


Preliminary Tests—The charts shown hereafter show 
the behavior of the sand slab by various indices. 

Figures | and 2 show temperature (vertical axis) — 
time (horizontal axis) relationships for points at dif- 
ferent distances from the surface. The two curves, la 
and 2a in Fig. 2 show the time required to reach the 
temperature of 212 F and for complete evaporation 
for various distances from the hot surface. Figure 2 
shows two time-space curves indicating the time re- 
quired to reach the temperature of 212 F and to com- 
plete evaporation for various distances from the hot 
surface. 

In Fig. 3 the temperature gradients (space-tempera- 
ture curves) are shown for consecutive time elements. 

The time-temperature curves all have a common ap- 
pearance: a more or less rapid rise from 70 F to 212 F, 
a stop at 212 F, lasting until all water from this sec- 
tion has evaporated; and then a new temperature in- 
crease at a steadily decreasing rate. 

The space-temperature curves indicate, that at any 
one time there is a zone in the sand which is remain- 
ing constant at 212 F. 

At greater distances from the interface the times 
required for drying become increasingly longer. At 
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TABLE 2—THERMAL CONDUCTIVITIES FOR MOISTURE 
ConTENT M,; = 4%, Me = 3.85 
TEMPERATURE RANGE 70-212F 





Moisture Content in % of Thermal Conductivity 





Original Moisture Content (Btu/ft.hr.F) 
100 0.597 
75 0.531 
50 0.443 
25 0.223 
0 0.133 
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Fig. 1—Time-Temperature Curves. Hot Surface Tem- 
perature 2600 F. Distances measured from hot surface. 
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Fig. 2—Time-Space Curves for Heating Moist Sand. 
Hot Surface Temperature 2600 F. 


4 in. from the interface the time between reaching 
the boiling point and complete dryness is 6.8 sec; at 
a distance of 14 in. the equivalent figure is 30 sec, etc. 

It is also important to note, that the time to dry to 
a depth of 1% in. from the hot surface is 40 sec. 

It is interesting to compare this time with the value 
shown in Fig. 2 and 318; a steel slab 4 in. thick 
cast in sand requires from 500 to 600 sec to reach the 
liquidus at the center, when poured at 2845 F, and 
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Fig. 3—Temperature Space Curves. Hot Surface Tem- 

perature 2600 F. Numbers on curves indicate time 

after application of heat to hot surface. Note time at 
constant temperature of 212 F. 
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Fig. 4—Time-Temperature Curves for Sand 20-30. 2000 
F Interface Temp. Distances measured from hot 
surface. 
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Fig. 5—Time-Temperature Curves for Sand 20-30. 2600 
F Interface Temp. Distances measured from hot 
surface. 


750 to 800 sec when poured at 295 F. The vapor 
migration in the sand will therefore have an influence 
on the apparent conductivity in the early times, but 
probably not towards the end of solidification. 


Main Tests 


(a) Temperature-Time Relationships — Results for 
the tests at 2600 and 2600 F are shown in Fig. 4 and 5 
respectively. The arrangement of the charts is the 
same as Fig. 2. The latter chart and Fig. 5 hold for 
the same temperature but different sands; Fig. 4 and 
5 for the same sand but different temperatures. The 
apparent conductivity of the sand 20 to 30 (Fig. 5) is 
lower than that of the sand used for Fig. 2. Hence 
heating up is slower. Even with the moisture influenc- 
ing the apparent conductivity (Fig. 5) the tempera- 
ture curves for moist (solid line) and dry (broken 
line) sand are not very different. The time during 
which each part remains at 212 F is longer under the 
conditions of Fig. 5. For example the point 34¢ in. is 
16 sec at 212, whereas Fig. 2 shows a time of only 4.4 
sec. (The hump at 200 F is caused by approximations 
in electric circuit, eliminated in later tests of Fig. 5). 
Lowering the temperature -of the hot surface (Fig. 
4 and 5) has a marked influence, even more notice- 
able at larger distances from the hot surface than near 
that surface. Approximately, for any given time after 
the start of an experiment the ratio (t—t,) / (t,-t;) 







HEAT FLOw IN Moist SANp 











| 








| 
eh ae 


— | — ~--+-—-+- - as iat =o 
| 


f-- 
} 





L | 

~ TEMPERATURE SPACE CURVES 
HOT SURFACE TEMPERATURE 
—_SAND_20-30 2000 F_ INTERFACE TEMPERATUR 


~ . 











—— 





| 
| 
+- 
| 

| 

} 
+ 
| 




















DISTANCE IN //, IN. FROM HOT SURFACE 


Fig. 6—Temperature Space Curves; Hot Surface Tem- 
perature; Sand 20-30, 2000 F Interface Temp. Num- 
bers on curves indicate time after application of heat 
to hot surface. Note time at constant temperature 
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Fig. 7—Temperature Space Curves; Hot Surface Tem- 

perature; Sand 20-30, 2600 F Interface Temp. Num- 

bers on curves indicate time after application of heat 

to hot surface. Note time at constant temperature 
of 212 F. 


should be the same, independent of the constant sur- 
face temperature, ¢,, if t, has no unproportional in- 
fluence. Here ¢t denotes the temperature at a given 
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Fig. 8—Rate of Heat Flow From Hot Surface vs Time; 
Hot Surface Temp. 2600 F. Curves I and 2 use left 
scale, Curve 3 use right scale. Curves 1 and 2 show 
temperature 4 in. from hot surface: second left scale 
shows following values “2600—t”. Curve 3 shows ratio 
of rate of heat flow from hot surface wet/dry. It also 


shows ratio of temperatures wet/dry expressed in 
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Fig. 9—Rate of Heat Flow From Hot Surface vs. Time: 
Sand 20-30. 2000 F Interface Temp. Ratio M of rates 
of Heat Flow are Plotted on Right Scale. 
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Fig. 10—Rate of Heat Flow From Hot Surface vs Time; 
Sand 20-30. 2600 F Interface Temp. Ratio M of Rates 
of Heat Flow are Plotted on Right Scale. 


time and ¢; the initial temperature of the sand. For 
example, 60 sec after “casting” the point 4¢ in. under 
the surface (wet sand) has reached a temperature of 
2270 F (2600 F “pouring temperature”) or of 1690 F 
(2000 F “pouring temperature’). If the influence of 
the pouring temperature is proportional, then the 
ratio (2270-70) / (2600-70) = 0.87 should be the 
same as the ratio (1690-70)/ (2000-70) — 0.84. The 
temperature at 4¢ in. is lower than expected. For a 
point 34, in. below the surface the two values of ratio 
are (both for 60 sec) (1540—70)/ (2600-70) — 0.58 
and (940-70) / (2000-70) = 0.45. 

At gq in. the deviation was only 0.84/0.87 = 0.97, 
whereas at 34,4 in. it deteriorated to 0.45/0.58 — 0.78. 
(b) Temperature-Space Relationships—Corresponding 
to Fig. 3 two graphs are shown for sand 20-30: Fig. 6 
for 2000 F and Fig. 7 for 2600 F. 

They illustrate in a different way the characteristics, 

discussed in (a). The lower conductivity (sand 20- 
30 compared with the sand of the “preliminary ex- 
periments”) results in a steeper temperature gradi- 
ent (Fig. 3 vs Fig. 7). Similarly, the higher interface 
temperature (Fig. 7 vs Fig. 6) results in a steeper 
gradient. \ 
(c) Time-Space Relationships—These are shown in Fig. 
2, curves Ib and Ic for the time to dry completely and 
2b and 2c for the time to reach 212 F. Curves 1b and 
2b refer to a hot surface temperature of 2600 F and 
Ic and 2c to a hot surface temperature 2600 F. 

Both, the times to reach 212 F, and to dry com- 
pletely for any given distance from the interface in- 
crease in the following order: lowest time for the 
sand used in the preliminary experiment; sand 20-30, 
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2600 F; sand 20-30, 2000 F. 

The horizontal spread between the curves | and 2 
carrying the same letters indicate the layers of the 
sand which are held at constant temperature. The 
vertical distance between the same pairs of curves 1n- 
dicate the length of time during which each point in 
the sand is at 212 F. 

Conclusions 

General Considerations—The foundryman is inter- 
ested in the temperatures in the sand only to the ex- 
tent that such temperatures influence the heat extrac- 
tion from the casting. Properties or temperatures in 
the sand are significant only in so far as they have 
bearing on the solidification, either at early times or 
in the overall solidification rate. 

Although the present experiments were all based 
on the assumption of a constant interface tempera- 
ture, that is, a constant temperature of the casting- 
mold interface, certain conclusions on the heat ex- 
traction from an actual casting can be drawn. In 
order to study the heat extraction from the casting, 
curves and charts Fig. 8,9 and 10 are presented on all 
of which the abscissa scale is “time” in seconds. 

Figure 8 refers to the preliminary experiment, Fig. 
9 and 10 to the sand 20-30 for 2000 and 2600 F inter- 
face temperatures respectively. 

The charts have an ordinate scale of Btu/sq ft, hr 
which is a measure for the rate of heat extraction from 
the casting. It is important to find out what influence 
the moisture content has on the heat extraction and 
therefore for each of the three cases a further curve 
was added showing the heat extraction for the same 
sand but assuming that the latter is entirely dry from 
the beginning of the test run. 

Finally each of the charts shows a curve indicating 
the ratio of the rates of heat extraction of the moist 
sand/dry sand. 

In the case of the preliminary test, Fig. 8, where 
the conductivity of the sand was not varied with tem- 
perature it was possible to apply another ordinate 
scale to the same curve. This ordinate scale indicates 
the difference between the initial temperature and 
the temperature at any time at a point 4, in. away 
from the hot surface. 

Discussion of the Curves—In all instances the rate of 
heat extraction is originally very high and quickly de- 
creases to a much lower value. Theoretically this rate 
of heat flow is much larger than that observed. The 
so-called “lumping technique” used in the computer 
experiments tends at very early times to decrease the 
rate of heat flow. 

At very early times the rate of heat extraction of 
the moist sand is much larger than that of the dry 
sand. This observation holds for all three curves. 
Most markedly it is true for the sand 20-30, 2000 F 
temperature; less marked for the same sand at 2600 F 
temperature and least marked for the sand used in 
the preliminary experiment. 

As time goes on, the rate of heat extraction of the 
dry sand and the moist sand becomes closer and 
closer. 

The maximum ratio of heat extraction rates, moist / 
dry is fairly low in case of the preliminary experi- 
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ments and does not exceed 1.26. It is much larger in 
case of the sand 20-30, 2600 F where it reaches a 
value of 4.6. In case of the low temperature the maxi- 
mum ratio is approximately 5. In the case of the 
sand 20-30 the maximum ratio is obtained at th: 
start of the experiment and drops down rapidly ther 
after In ihe case of the preliminary experiment th: 
rate increases rapidly and reaches maximum a few 
seconds after the start of the experiment and ther- 
after drops slower than the case of the sand 20-30. It 
should be understood that the difference in the shape 
of the curves is not a characteristic of the sand but 
rather of the assumptions underlying the experiments 
as explained in Section II. Thus the shape and nature 
of the curves as shown in Fig. 9 and 10 are considered 
more reliable than those of Fig. 8. 

The moisture content thus exerts a stronger chill- 
ing action if the pouring temperature is lower. In all 
instances the chilling action is only of brief duration. 
It may contribute to the rapid formation of a thin 
layer of frozen metal but probably does not contri- 
bute to a change of total solidification time of the 
center of a casting. 

Practical Considerations—Casting in green sand is 
more commonly practiced in gray iron foundries than 
in steel foundries. Although the experiments reported 
above were made with properties of steel the results 
are more than indicative for gray iron practice. The 
fact that lower pouring temperatures are used in iron 
foundries (as compared with steel foundries) is the 
reason why moisture content is of more importance 
in iron foundries than in steel foundries. The iron 
casting will undergo a severe chilling effect for a brief 
time if moist sand is used. 


Further Work 

Further work will explore the influence of various 
degrees of moisture content and later on it is necessary 
to drop the assumption of constant interface temper- 
ature. Actually the interface temperature will drop 
quite rapidly from the initial temperature to a much 
lower value which then is held for a relatively longe: 
period almost constant. The rapid drop of tempera- 
ture during the early stages of solidification will prob- 
ably increase the influence of the moisture. 

In future years attempts should be made to see to 
what extent the influence of the moisture content is 
offset in some parts of the casting by the drying effect 
of the flow of liquid metal into the mold. 


APPENDIX 


1. Some Physical Concepts 

1. When the surface of a slab of moist sand is sud- 
denly raised to a temperature well above the boiling 
point at normal pressure, then the layers next to the 
hot surface will dry out rapidly. Provided the steam 
thus formed cannot escape through the hot surface 
the steam will be pushed out towards the cold sur- 
face. It is well to remember that as long as the entire 
moisture of a layer is not evaporated, the temperature 
of that layer cannot exceed the boiling temperature. 

2. The steam being pushed towards the cold sur- 
face starts to condense as soon as it reaches layers of 
sand which are below the boiling temperature. 
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3. Layers of sand which increase in temperature, 
but yet are below the boiling point, also lose liquid. 
This occurs by two mechanisms. According to the ele- 
vated temperature the partial pressure of the water- 
air system existing in the interstices of the sand 
changes and under the influence of pressure the va- 
pors migrate. This process is well understood, quali- 
tatively and quantitatively. In addition, moisture will 
flow by capillary action through the sand. Very little 
is known about this capillary flow. 

4. The present report covers only the phase of heat 
transfer by steam. The migration of moisture in parts 
of the sand which are below the boiling point, is not 
considered. This greatly simplifies the investigation, 
and is, at least as first step, a reasonable approxima- 
tion. 

5. The analysis makes wide use of the electric anal- 
ogy method, which in general may be considered to 
be known.!® Special adaptations were necessary to 
make it suitable for the present studies, the adapta- 
tions being described in Appendix V. Here it is mere- 
ly necessary to explain that this technique includes a 
“lumping procedure.” The slab (sand mold) is 
thought of as divided into several sections; in the 
center of each section the specific heat, moisture, etc., 
are concentrated. Thus if e.g. in the report one reads 
“the first section remains at constant temperature .. .,” 
it should be understood that this implies an approxi- 
mation. Actually only infinitely thin sections should 
be considered; and the description of occurences in 
sections of finite thickness involves an inaccuracy. 


Il. Definitions of Moisture Content 

The standard definition of moisture content of sand 
in foundry work is by expressing the water content 
in per cent of the weight, moist sand.* Inasmuch as 
the weight of the moist sand changes during drying 
out, this definition is not convenient for studying any 
processes in which drying takes place, such as the one 
covered by this report. For this purpose it is more 
convenient to compare the weight of the water with 
that of the dry sand, obtained after all moisture has 
been driven out. 

Finally for certain calculations and considerations 
covered in Section IV of the Appendix, it is helpful 
to consider the moisture content on a volume basis, 
indicating what per cent of the total volume is filled 
by water. 

Inasmuch as all three definitions are used in the 
text, it is important*to know the relationships be- 
tween the three operations. 

In the following comparisons, notations are used 
as follows: 


M, = moisture content in % (by weight), refer- 
ring to dry sand as standard 
M. = moisture content in % (by weight), refer- 


ring to moist sand as standard 

Mm, = moisture content in % (by volume) 
Pp = density of the dry sand in lb/cu ft 
Pu = density of moist sand in Ib/cu ft 
Pw = amount of water in lb/cu ft of mixture 

Relationships between M, and M,—In moist sand of 
Pp density and M, moisture content the total water 
content may be found from 


Pw = (My; X Ppp) /100 Ib/cu ft (1) 

The total weight of | cu ft of the moist sand, py, 

can be found by adding the weight of the dry sand 

cu ft (pp) and the water content pw. The volume 

of the moist sand does not change by adding water. 
Pu = Pp + Pw (2) 

The moisture content Mz can be found by compar- 
ing the water content pw with the weight of the 
moist sand py. Hence 
M, = 100 pw/py = 100 pw/pp + Pw = 100 M,/ 

(100 + M,) (3) 

Relationships between M, and M;—The definition 
of Mz means that 1 /cu ft of sand contains M,/100 cu 
ft of water. 1 cu ft of water weighs 62.4 lb and there- 
fore 1 cu ft of sand contains water weighing 0.624 
Ms; lb. 

According to the definition of M,, 1 cu ft of sand 
contains pp X M,/100 lb of water. The quantity of 
water calculated by either method must be the same, 
therefore 

Pp X M,/100 = 0.624 Mz or 
M; = Ppp X M,/62.4 (4) 
111. Some Numerical Considerations 

The moisture content of foundry sands (using de- 
finition M,) varies within wide limits, possibly from 
0 to 10 per cent. 

The specific heat of (dry) foundry sands is in the 
order of magnitude of 0.2 to 0.3 Btu/lb,F. The speci- 
fic heat of water is 1.0 Btu/lb,F and heat of vaporiza- 
tion at atmospheric pressure is 970.3 Btu/lb. Con- 
sider the amount of heat required to heat the sand 
and the water to from 70 to 212 F, and to evaporate 
the water. Note, that in no element of the mold can 
the temperature rise above 212 F, before all the heat 
of vaporization has been supplied. Note also, that 
the heat intreduced into the mold is being extracted 
from the casting. Table 3 is prepared in way of ex- 
ample and is based on a specific heat of the (dry) 
sand of 0.28 Btu/lb,F and a density of 93.6 Ib/cu ft. 

TasLe 3—HEAT IN Bru/cu FT TO BE SUPPLIED 








Subtotal Total, before 
To for the section of 
Moisture Water _ section mold can 
Content To in toreach Vapori- increase 
M,, % Sand Sand 212F zation beyond 212F 
0 3720 3720 3720 
4 3720 531.6 1252 3640 7892 
8 3720 1063.2 4753 7270 12053 
10 3720 1329.0 5049 9090 14139 





If heat is introduced to a section containing a cer- 
tain amount of moisture, and this moisture is evap- 
orated, then the steam must escape as rapidly as it is 
formed, or the pressure must increase. Now, say that 
the moisture content M, = 4%. Then in a layer 4% 
in. thick and having | sq ft cross-section, the moisture 
content is 0.04 « 93.6 x (4%) X(4e) = 0.039 Ib. 
The required heat of evaporation is 0.039 x 970.3 = 
37.8 Btu. In the layer next to the casting-mold inter- 
face one might expect a temperature difference not to 
exceed 2000 F. Heat would flow to the center of the 
section at the rate of 

0.9 x 2000 





- = 345600 Btu/sq ft,hr 
1/ (8X2) XY%o 


= 96 Btu/sq ft,sec. 
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Hence it would take only 37.8/96 = 0.395 sec to sup- 
ply the heat of evaporation. If the steam is to be 
withdrawn during this period, a quantity of 0.039 lb 
has to be forced out. The specific volume of steam at 
atmospheric pressure is 26.8 cu ft/lb. Therefore a 
total of 0.039 x 26.8 = 1.04 cu ft have to leave the 
section. The lowest permeability used in foundry 
sands is 6 cm*/(g & min) = 5.25 x 10°5ft*/lb,sec. 

Now one can examine what pressure would be re- 
quired to force the 1.04 cu ft of steam out of the 14 
in. thick section in 0.395 sec. 





Pressure —= ——___—_ 1.04 
ESsure = 0.395 x 5.25x 10° x 9 X 1 


= 522 Ib/sq ft = 3.63 Ib/sq in. 

This pressure is small enough to warrant the as- 
sumption that the steam is drained off as fast as it is 
formed. In other words that there is no time lag in 
transferring the steam from one section to the other. 

This assumption becomes also more valid because 
the required pressure becomes smaller with greater 
distance from the interface, because the rate of heat 
inflow is smaller at such a greater distance. 

The increase in pressure is accompanied by an in- 
crease in temperature of approximately nine degrees. 
This increase is so small as to be negligible in first 
approximation. 


IV. Tanasawa’s Values® and Austin’s Study* 


Tanasawa presents in his paper a set of curves for 
thermal conductivity, specific heat and diffusivity ob- 
tained in the diffusivity tests. These curves were re- 
drawn using great care to read the small graphs and 
are included as Fig. 11 in this report. 

Tanasawa’s values are apparently the only ones 
known showing the conductivity as function of mois- 
ture. It should be noted that he shows a marked in- 
crease of conductivity with relatively small amounts 
of moisture and a gradual tapering off of the moisture 
influence at higher moisture contents. Before accept- 
ing this relationship for the present investigations, it 
was thought worthwhile to compare the findings of 
Tanasawa with the equations presented by Austin. 

The first step was to compare the conductivities for 
the completely dry sand. For this condition, Austin’s 
equation! can be used. Austin defines the porosity P 
as the ratio of the total volume of pores to the volume 
of the over-all body under investigation. Assuming 
that the pores are filled with air, as would be the 
case for completely dry sand, the porosity P can be 
calculated from equation (5). 


P = 1 — (Pp/Ps) (5) 
In this equation pp is as before the density of the dry 
sand and pg the density of the solid sand particles if 
they would form a continuous body with no air inter- 
stices. 

Austin bases his investigations on a porous brick 
but the findings should hold equally well for sand. 
Calling the conductivity of the sand kg (“brick”) and 
that of the solid without interstices kg (correspond- 
ing to pgs) and the conductivity of air, ky, then Aus- 
tin’s equation reads as follows 
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(1 — Pp) 





ke = ks - (6) 
GE. = a7--@--4) 
To evaluate this equation for Tanasawa’s values, 

k, and P have to be known. For kg, one finds for 45 

C by interpolation from Jakob™ pa;e 69, the value 

0.0158 Btu/ft,hr,F. 

In order to calculate P, the values of pp and p, 
must be known. pp is given in Tanasawa as 1100 
kg/m*. The value of pg is not indicated in Tanasa- 
wa’s paper. Jakob’! page 94 shows as limits for this 
value the figures 2400 to 3100 kg/m*. Using these two 
limits one obtains for P, 0.54 to 0.64. Evaluating equa- 
tion (6) for these two values one finds as limits for 
ky 0.068 to 0.057 Btu /ft,hr,F or 0.101 to 0.085 kcal/m, 
hr,C. The smaller value is obtained with a larger 
porosity. Tanasawa shows for dry sand as may be 
seen from Fig. 11, a value of 0.12 kcal/m,hr,C. The 
check seems close and would indicate that a value 
near the lower porosity is correct. The lowest value 
of porosity (P = 0.54) however cannot hold true, 
because Tanasawa shows moisture contents beyond 
0.56 and the porosity of course cannot be any smalle: 
than this value. 





Specific Heot ¢ (keel. / Kg C) 
o (TU /ie *F) _ 


o imt/re) 


Orttuaiviry 


Conductivity & (kool. /m tv. *C) 


fig. 11—Diffusivity, Conductivity and Specific Heat for 
Moist Sand (After Tanasawa). 


Next it was attempted to check the upper end of 
Tanasawa’s curve which holds supposedly for the 
condition that the sand is saturated with water and 
cannot absorb more water. As limiting case one should 
then assume that all interstices.are filled with water. 

For this case two different physical concepts are 
possible, both introduced by Austin. One would be, 
that the water is continuous and is interrupted by 
sand particles. The other implies that the solid is 
continuous and encloses water in its cavities. The first 
concept is covered by Austin’s equation (7), the lat- 
ter by his equation (8). 

Using the notations as before these equations are 
as follows: 


P28 4 ke/ky (1 — P23) 





kp kg — - — 
P23 __ P 4 kg/ky (1 — P28 + P) (7) 


for the concept of continuous water, and 








ND 


o imt/w) 


Orffusivity 
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kp =— 


kg/k, (1—P) 22 + 1— (1—P) 28 





Ri sth Retin 
kg/ka[ (1—P) #— (1—P) ]+[1+ (1—P)— (1—P) *] 
(8) 





fur the concept of continuous solid. 

In order to solve these equations the conductivity 
ks must also be known. Moreover, if it is assumed 
that all interstices are filled with water the conductiv- 
ity of water must be introduced for “ky.” For the 
couductivity of solid, Schack? page 345, gives the lim- 
iting values 4.2 to 5.9 Btu/ft,hr,F. For water, one 
may interpolate from Jacob’! page 78, for 45 C, the 
value k, = 0.366 Btu /ft,hr,F. 

Using again the two limits for porosity one obtains 
a twtal of four different values for the conductivity of 
the completely moist sand, two each for each of the 
two equations (7) and (8). The results from equa- 
tion (7) and (8) do not differ greatly and therefore 
only those for kg of 4.2 are shown here. The values 
for the two different porosities are 1.59 and 1.37 kcal / 
m,hr,C, the higher value belonging to the lower por- 
osity. In comparison Tanasawa shows for a moisture 
content of 56.3 per cent a conductivity of only 0.88 
kcal/m,hr,C. The check is obviously much less close 
than that for dry sand but still gives the same order 
of magnitude. 

For intermediate values of moisture content no 
comparison of Austin’s and Tanasawa values is pos- 
sible. An attempt failed to compute the conductivi- 
ties for intermediate moisture contents based on the 
conductivities for completely dry and completely 
moist sand by a law of mixture sand as shown by 
T'anasawa. 

However in view of the good check for dry sand 
and the fair check for completely moist sand, it was 
decided to accept Tanasawa’s function of increase of 
conductivity with moisture content. 

The reasoning was as follows: the sand 20-30 has 
4 porosity of P — 0.35 whereas Tanasawa used the 
sand with a porosity of 0.575. 

Using Austin’s equations for dry sand and for sand 
completely saturated with water, both for the sand 
20-30 and for Tanasawa’s sand, one can compare the 
conductivities of moist and dry sand. 

For the sand 20-30 one obtains: 

for moist sand—1.51 Btu/ft,hr,F and 

for dry sand— (at 45 C)—0.114 Btu /ft,hr,F 

the ratio of the two figures is: 1.51/0.114=13.2 
For Tanasawa’s sand, one obtains: 

for moist sand—1.07 Btu/ft,hr,F 

for dry sand—0.068 Btu /ft,hr,F 

The ratio of the two figures is: 1.07/0.068=15.8 

The two ratios are close enough together that lack- 
ing better information it seemed better justified to 
vary the conductivity according to the moisture con- 
tent by volume in the same way as Tanasawa showed. 
With Tanasawa’s figures and calling the conductivity 
of dry sand and (as reference) “one,” one obtains a 
curve as shown in Fig. 12. The conductivity values 
for sand with some moisture were found by multiply- 
ing the conductivity of dry sand (.133) with the ap- 
propriate ordinate values from Fig. 12. 
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Fig. 12—Ratio of Conductivities of Moist vs Dry Sand 
(After Tanasawa) Plotted Against Moisture. 


V. Experimental Technique 


The setting up of electric circuits to compute heat 
flow problems has been published previously and will 
not be described in detail here. The technique is 
described in several publications by this laboratory.'° 
However, certain modifications had to be made to 
represent the migration of steam. 

In Fig. 13, a wiring diagram representing three of 
the several “sections” is shown. Each “section” I, II, 
III, represents a layer of finite thickness of sand. The 
resistances on either side of the capacitances represent 
the thermal resistance to heat flow in sand compris- 
ing all modes of heat transfer in the sand: conduction 
from sand particle to sand particle, conduction in 
the water and convection and radiation through the 
air. In other words the resistances are based on the 
apparent conductivity of the sand. 

The capacitances represent the specific heat of the 
sand and of the water condensed in each section. 
The capacitances C, — C; represents the specific heat 
of the sand and the capacitance C, — Cy that of the 


water. 


Section § 


ol bp. “Ye len 
COAT 


CITA 
thE 




















C, to Cp are moisture capacitors which are originally on the 
sections indicated but which move as the sand heats up. 
C, is the dry sand capacitance at temperatures below 212 F. 
C: to C; are capacitors added to C, to represent the increase of 
specific heat with increasing temperature. They are precharged 
to voltages representing the temperatures at which they 
are added. 


Fig. 13—Schematic wiring diagram for three sections. 
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The migration of moisture from each section is 
represented in four steps, each step taking place when 
25 per cent of the total moisture content has evapor- 
ated. When the evaporation has taken place one of 
the condensers C, — Cy is transferred to a section fur- 
ther away from the interface. Simultaneously, corres- 
ponding to a change in conductivity with changing 
moisture content, the resistance is changed by operat- 
ing a switch. The capacitance which is taken out of 
the section is transferred to a next section unless that 
next section has already reached the boiling tempera- 
ture 212 F. If it has reached that temperature, the 
water cannot condense but is transferred to a follow- 
ing section; the latter is selected as the first section 
being below 212 F. 

When a section has reached the boiling tempera- 
ture, the resistance is changed according to the 
change in conductivity as shown in Table |. At the 
same time the capacitances Cg — C; are inserted to 
represent the change in specific heat. 

The operation described so far does not include 
the heat of evaporation. The heat of evaporation acts 
as a heat sink. As soon as a section has reached the 
boiling temperature of 212 F current is withdrawn 
according to the heat of evaporation. This carrent is 
integrated in a current integrator, a newly built de- 
vice, and when one-quarter of the heat of evaporation 
has been withdrawn one of the capacitances C, — C, 
is transferred to the later section as described above. 
As the steam transfers to a later section the content 
of the later increases, and a heat source becomes active 
which is of equal strength to the heat sink in the 
previous section. Current is fed to this later sec- 
tion at a constant voltage (temperature) correspond- 
ing to 212 F. 
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DISCUSSION 


Chairman: H. A. SCHWARTZ, National Malleable & Steel Cast 
ings Co., Cleveland. 

Co-Chairman: E. C, Troy, Foundry Engineer, Palmyra, N. | 

JouN PERKINS: ' This paper changed my thinking considerab], 
We have a 314-in. diam camshaft where the analysis is suc! 
that we instigate a chill in a certain part of the casting. The 
balance of the casting has to be gray iron to machine easily. 
With the analysis being more or less constant, the pouring tem 
perature constant, and as far as we can determine other variables 
being constant, with the exception of the moisture in the sand, 
we have been experiencing an inverse chill in the 14-in. flange 
of this casting. We theorized that if we have more than 3.4 
per cent moisture in the sand this inverse chill would form and 
if the moisture content was less than 3.4 we would not get this 
chili. But following along the author's theories in the paper, 
we are wrong in thinking so. Is that correct? 

CO-CHAIRMAN Troy: Was your assumption that the inverse 
chill was a function of cooling rate? 

Dr. PASCHKISs: Would you say then that you had rapid heat 
extraction over a thin layer. Is that the concept? 

Co-CHAIRMAN TROY: No, the reverse; on the outside. 

Dr. PASCHKIS: Moisture content will increase the rate of heat 
extraction. 

MR. PERKINS: ‘That was my idea but in the paper the author 
states that it does very little of it. 

Dr. PAscCHKIS: What is your explanation of this soft layer? 

Mr. PERKINS: A high rate of heat extraction. 

Dr. PASCHKIS: That would mean you have a chill at that point. 

Mr. PERKINS: No. The moisture was 3.2 per cent at that 
point to eliminate this inverse effect. My idea was' that if the 
moisture content was increased to 3.8 per cent there would be a 
high rate of heat extraction which caused this inverse chill. 

Dr. PAscHKIs: When saving you had an inverse chill you mean 
that you got a soft layer. 

Mr. PERKINS: That is right. If I kept the moisture below 3.4 
per cent we got a good gray iron layer about \% in. thick. 

Dr. Pascukis: We found, as stated, a chilling effect very near 
the surface for a very short time (about 60 sec). I do not 
remember how deep the solidification goes in 60 sec. 

W. S. PeELLINt: * The effects that Dr. Paschkis speaks of (very 
high rates of heat extraction during the first few seconds) per 
tain to the time when superheat, if present, is being liberated. 
The fact that he finds a marked increase (five times) in the 
heat extraction rate if water is present at the surface of the mold 
may have no significance for somewhat later times. Thus, the 
presence of water in the sand at early times cannot be considered 
to develop metallurgical effects equivalent to extraction of heat 
at rates equal to five times that for dry sand. 

There is, however, a continuing effect of water presence which 
while not in the order of five times is felt throughout the solidi 
fication rates are increased moderately during the entire course 
of solidification: 

Dr. Pascikis:; How does Mr. Pellini explain the continuing 
presence of water after the first layer. With the interface tem- 
peratures which we have, it took less than 60 sec to get com 
pletely dry at quite a distance from the interface. 

Co-CHAIRMAN TROY: We may be dealing with a phenomena 
of nucleation that may or may not be related to heat transfer. 
This problem of inverse chill can be tied up to an analysis 
problem just as well as it can be tied to heat transfer. There 
are so many things that can cause an inverse chill. 

CHAIRMAN SCHWARTZ: ‘There is another explanation that 
when you suddenly cool the iron, it shrinks and you set up 
tensile forces. This is not my explanation. The separation of 
giaphite is accomplished by an increase of volume so that forces 
tending to increase dimensionally favor graphitization, so you 
can make this inverse chill problem quite complicated. 


1 Asst. General Supt., Ford Motor Co. of Canada Ltd., Windsor, Ontario, 
Canada. 
2 Metallurgist, Naval Research Laboratory, Washington, D. C. 
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Rk. P. DuNPHy: * Hydrogen has a very important effect on this. 

Mr. PFLLINI: In deference to the man who raised the ques- 
tion we have to accept that he has statistical evidence relative 
to the water effect so we are not talking about happenstance. 
I concluded that there was statistical evidence that when the 
water was high inverse chill was obtained. 

In regard to how deep and how quickly you eliminate the 
water, I cite that in 2 min the water was eliminated to a depth 
of 4 in. In 3 or 314 min the water was eliminated to a depth of 
Y% in. Since gray iron sections of the size described take over 
| hr to freeze there is a long time during which the effect of 
water is felt by the casting and solidification rates are affected. 

DR. PASCHKIS: It seems to me that if your figures are correct 
it will prove that moisture has no influence on the effect of 
ime, 

Mr. PELLINI: Let us take one figure. In 2 min water was 
eliminated to a depth of 1% in. 

Dr. PASCHKIS; And you say a large casting may take 1 hr on 
more to freeze. The 2 min are negligible for solidification. 
\fter 2 min you would have no more influence. 

Mr. PELLINI: The first layer has been dried and behaves as 
dry sand but there are other layers which contain water—the 
process is a dynamic one. 

Dr. PASCHKIS: That is true theoretically, but it would seem 
to me that it is not likely to have practical significance. Possibly 
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the constant interface temperature which we assumed enters 
the picture. 

C. E. Sims: * I would like to give further consideration to Mr. 
Dunphy’s remarks about hydrogen. Inasmuch as the inverse chill 
has been so definitely related to the moisture content of the 
sand, an explanation based on hydrogen effects would appear to 
be logical if it agrees with the known behavior of hydrogen. 
It should be noted that this particular iron has a critical com- 
position. By that I mean, it is readily influenced to freeze either 
white or gray. The composition is chosen deliberately so that 
the chilled parts will be white for wear resistance and the parts 
that cool against sand will graphitize for machinability. A small 
change in composition may exert a large effect on the freezing 
characteristics of such an iron. 

Hydrogen has been shown to have a potent effect on the 
graphitization of iron. This has been shown particularly for 
malleable iron. Also, contact of water vapor with hot iron 
is apt to introduce hydrogen. The reason for the inverse chill 
seems to be that hydrogen is driven inwards by dendritic segre- 
gation and that it is annealed out of the quickly frozen surface 
layer by the super heat escaping from the interior. It is quite 
unlikely that any set of conditions could cause the interior to 
cool faster than the surface. 


% Assistant Director, Battelle Memorial Institute, Columbus, Ohio, 








INCREASING RISER EFFICIENCY 


By 


James O’Keeffe, Jr.* 


Introduction 


FACED WITH A CRITICAL SHORTAGE of many basic 
metals and alloys, with a continually shrinking supply 
of skilled personnel, and with increasing costs for ma- 
terials, fuel, power, and labor, it is particularly timely 
that we investigate every possible means to increase 
the efficiency of our processes in an effort to maintain 
or even increase production and reduce costs wherever 
possible. 

The methods utilized to assure sound, high quality 
castings in many cases mean that the yield of saleable 
product is less than 50 per cent of the total metal 
melted. The efficiency of the risering system used to 
produce these castings is therefore very low—probably 
less than 10 per cent. 

It is the purpose of this paper to point out several 
methods which are available to increase riser efficiency, 
and at the same time actually to increase product 
quality. 


Risering Fundamentals 


First let us review briefly the-fundamental consider- 
ations in risering. The first question which we must 
answer is just why a riser is necessary. Why it is neces- 
sary to melt and pour 1000 lb of metal to get 500 Ib of 
saleable castings? 

Unfortunately, fundamental data on the shrinkage 
characteristics of many alloys which we produce are 
not available in the literature. We are fortunate at 
least in having excellent data for pure copper.! From 
these data we realize that 560 lb of copper will occupy 
1728 cu in. at room temperature. When sufficient heat 
is added to this mass to melt the copper and superheat 
the liquid to 2400 F (1315 C), the same 560 Ib will 
occupy a volume of 2000 cu in.—an overall expansion 
of 15.7 per cent. 

When the superheated molten copper: cools from 
2400 F to 1981 F and solidifies, the resulting mass 
should occupy only 1862 cu in.—a volume contraction 
of 6.9 per cent. The reason for saying that the re- 
sulting mass should occupy only 1862 cu in. is that 
the specific volume of solid copper at this temperature 


* Metallurgical Engineer, Exomet, Inc., Conneaut, Ohio. 





is 0.286 lb per cu in. Under proper conditions of 
solidification, i.e. controlled directional solidification 
so that there is a continuous supply of liquid metal 
to compensate for the volume contraction which takes 
place as the metal cools and solidifies, the result will 
be a sound dense metal structure of optimum density. 

In the production of ingots and castings, the method 
of achieving sound dense metal structures involves 
maintaining a reservoir of molten metal in the hot 
top or riser to supply the feed metal required to com- 
pensate for the volume contraction or shrinkage which 
the metal undergoes during cooling and changing 
from liquid to solid. 


Recent Published Information 


Fundamentals of risering have been reported in the 
‘TRANSACTIONS of A.F.S. in numerous articles. Only the 
more recent publications will be mentioned here, but 
these authors cite many references to previous reports. 

The subject of risering has been summarized by 
Caine** in two papers which contain a great deal of 
information which is of practical significance and also 
points the way for a scientific method of risering cast- 
ings. He emphasizes that “risering can be separated 
into two phases—positioning and dimensioning.” ‘The 
author then develops the necessity for proper position- 
ing of riser so that the particular riser will feed the 
casting or casting section to which it is assigned. He 
then proposes a method for determining the optimum 
dimensions for risers. This method is based on the 
relative cooling rate of the riser and the casting, and 
includes two constants which must be determined em- 
pirically. For a complete understanding of this im- 
portant subject, the original articles are recommended. 

Caine also suggests that “Any method which will 
decrease the freezing rate of the riser in relation to 
the casting is quite useful in increasing riser efh- 
ciency. 

The advantages of insulating sleeves and the meth- 
od of producing these sleeves was reported by Taylor 
and Wick.* These authors stated that by using insu- 
lating sleeves, sounder castings could be produced, 
with increased yields, and at reduced cleaning costs. 
O'Keeffe and Taylor® show that it is necessary to insu- 
late the riser of a bronze test piece 14 in. thick at base, 
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114 in. thick at the top, 3 in. deep, and 4 in. high. 
They report microporosity in a sand casting of this 
size even though a riser 214 in. by 3 in. by 3 in. was 
used—a riser volume 214 times the casting volume. 

Bishop and Pellini® report experimental data for the 
proper positioning and dimensioning of risers in order 
to assure adequate soundness in plates of various sizes. 
[he work reported by these authors emphasizes the 
necessity for proper location of risers. Their data indi- 
cates the limited distance which the riser can be ex- 
pected to feed. Bishop and Pellini conclude “.. . That 
plate castings with a width to thickness ratio of 3 to | 
or greater, containing 0.20 to 0.35 per cent carbon, 
can be made sound for a distance from the riser edge 
equal to about 414 times their thickness (414T). Of 
this distance 214T results from the chilling effect of 
the casting edge; the remaining 2T is made sound by 
the riser.” 

Most of the data in the literature was obtained by 
experimentation using cast steel. However, Taylor 
and Wick, as well as Caine, emphasize the validity for 
non-ferrous alloys of the approach which is used for 
cast steel. 


Riser Efficiency Defined 


here is no general agreement at the present time 
as to the precise definition of riser efficiency. For the 
sake of terminology, the term as used in this paper 
will refer to the weight of metal which actually moves 
from the riser into the casting during the solidification 
process (W,), divided by the to al weight of metal 
poured into the riser (W.), and this ratio converted 
to per cent, thus, 


W, 





100 = Riser Efficiency (per cent) . 
W, 

lt is assumed in this case that the risering practice 
was adequate to produce a sound casting. 

It is important to bear in mind that there are two 
phases to consider in the problem of improving riser- 
ing practices. In the first place, the risering system 
must be designed so that adequate casting soundness 
is assured. This means that the risers must be prop- 
erly located and of adequate size to assure that there 
is liqu:d metal in the riser after the casting has solidi- 
fied, ie. the last metal to solidify will be in the riser. 

Increasing the efficiency of properly located risers 
will then involve methods by which it is possible to 
(a) increase the rate of solidification of the casting, 
(b) decrease the heat loss from the riser metal, thus 
keeping the riser molten, and (c) add heat to the riser 
metal to remelt and superheat the reservoir of metal 
in the riser. And preferably we might use these meth- 
ods in combination for maximum riser efficiency. 


Increase Solidification Rate 


Che basic requirement of the riser is that it remains 
liquid longer than the casting or casting section which 
it is to feed. The longer it takes the casting to solidify 
directionally to the riser, the longer the riser must re- 
main molten. When the riser is molded from the same 
material as the casting, solidification will take place in 
the riser at a rate approximating the rate of solidifi- 











Fig. 1—528-lb bearing casting produced in Navy “—o 

metal. Casting dimensions: 114-in. I.D., 12Y-in. O.D., 

13144, in. high. Eight graphite chills 4x4x15 in. (as 

shown at right) were used. Two insulated risers 5.5- 

in. ILD. were poured 74 in. high. Yield for this cast- 
ing was 84.9 per cent. 


cation in the casting itself. This means that the rise1 
volume for castings which solidify slowly must be very 
large. 

An example of this is the 528-lb bearing shown in 
Fig. 1. By probing through the insulating cover on the 
riser of this casting we learned that this casting solidi- 
fied in about 8 min when the casting was produced 
using chills as shown in Fig. 1. We estimate that this 
casting would have taken 45 min to solidify without 
chills. In this latter case, the riser would have to be 
considerably larger than would be the case for the 
casting which required only 8 min to solidify. 

Use of metal chills to increase the rate of so-idifica- 
tion and to assure proper directional solidification is 
a useful foundry tool. It is also a good method of 
increasing riser efficiency, since smaller, more efficient 
risers can be used when solidification takes place 
rapidly. 


Minimum Riser Surface Area 


To keep the riser open as long as possible, and thus 
increase the amount of metal which will go into the 
casting from a given size riser, it is necessary to mini- 
mize the loss of heat from the metal in the riser. This 
is emphasized by Caine,? who explains the reasoning 
for this in detail. He points out that the ideal shape 
for a riser would be a sphere, since this geometric 
form presents a minimum surface area for the volume 
enclosed. This is not a practical shape for use as a 
riser in the sand foundry. However, investment mold- 
ing operators might find a riser of this shape advan- 
tageous, coupled with a method for maintaining atmo- 
spheric pressure on the liquid in the riser.!!. The 
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writer has not used this type riser, but suggests the 
possibilities of such an approach for risering invest- 
ment castings. 

In sand molding practice, the most practical shape 
which will have a minimum surface area for the 
volume enclosed is a ‘cylinder with a metal height 
equal approximately to the diameter. As an example 
of this consider Fig. 2. The rectangular riser 4-in. by 
8-in. section dimensions, poured to a height of 6 in. 
will contain 192 cu in. of molten metal, and will have 
144 sq in. of surface area exposed through which heat 
will flow to the molding material. The cylindrical 
riser of 6 in. diam, poured to a height of 634 in. will 
also contain 192 cu in. For the same volume con- 
tained, this riser has only 127 sq in. of exposed surface 

-a decrease in surface through which heat will flow 
to the molding sand of 13.4 per cent. 
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Fig. 2—Cylindrical riser has same volume but 13.4 per 
cent less side surface than the rectangular riser at left. 
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The important thing to bear in mind here is that 
whenever possible the riser should be cylindrical in 
shape or as close to a cylinder as possible. In many 
cases it is not practical to use a cylinder, but at least 
the riser should be as close to round in shape as pos- 
sible for best efficiency. In this way, you minimize 
heat loss through the molding sand by decreasing the 
amount of surface exposed for the volume of metal, 
or heat, contained in the riser. 

Another method of minimizing heat loss from the 
riser metal is to pre-heat the riser cavity by gating 
through the riser. This practice is widely used, and 
has two advantages. In the first place, the metal which 
goes into the casting is colder than the riser metal, 
since there has been continuous loss of heat during 
the pouring and running of the casting. This con- 
tributes to the formation of proper temperature grad- 
ients in the solidifying casting for directional solidifi- 
cation. Secondly, having the metal enter the casting 
through the riser keeps the hot metal at the riser- 
casting junction where it should be, thus preventing 
the possibility of a shrinkage defect at the gate. 


Insulate Top of Riser 


Heat loss from the riser metal can also be decreased 
by covering the top surface of the metal in the riser. 
There are two classes of materials in general use for 
this purpose. Insulating materials, such as charcoal, 
cork, rice hulls, finely powdered carbon or graphite, 
lime, mineral perlite, diatomaceous earth, gypsum, or 
vermiculite, are inexpensive and provide top insula- 
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tion. There is no published data on the relative valu 
of these materials for riser insulation to the author 
knowledge. Dry floor sand is also used for top cove: 
ing. However, heat losses when sand is used are know: 
to be greater than when more efficient insulators a1 
used. 

Mildly exothermic riser compounds are also use: 
to a considerable extent to cover the tops of risers. | 
is probable that there is not sufhicient heat generate 
by the reaction of these compounds to add any signif: 
cant volume of heat to the riser metal. However, ther 
is sufhcient heat evolved to increase the temperatur 
of the compound to that of the metal in the riser, anc 
in some cases to a temperature in excess of the meta! 
temperature. There is therefore no loss of heat from 
the top surface of the riser metal. For this reason a 
mildly exothermic riser compound is preferable in 
many cases to an insulator, 

Several applications where mildly exothermic rise: 
compounds are preferable can be mentioned. On 
case is when the metal in the riser is on the cold side, 
and the surface of the riser is essentially solid imme- 
diately after pouring is completed. In this case the 
heat from the exothermic compound is sufficient to 
prevent solidification and the use of a mildly exother- 
mic compound is preferable to using an insulator. 

Another case where mildly exothermic compounds 
are of value is on small risers. In this case the volume 
of heat in the risers is comparatively small, and the 
heat provided by the exothermic reaction is of value. 
It might be that the insulators do take a small amount 
of heat from the metal, whereas the mildly exothermic 
materials do not take any heat since they are raised to 
a temperature in excess of the metal temperature as a 
result of the chemical reaction. 

You will notice from the data in Table 2 that the 
metal in a 314-in. diam insulating sleeve remained 
molten 5 min longer when exothermic hot topping 
was used than when powdered gypsum was used for 
top covering. For this reason, the hot topping com- 
pound is used with insulating sleeves, and is of par- 
ticular advantage in assuring maximum riser efh- 
ciency. 

It is also possible to use a layer of exothermic hot- 
topping compound 14 in. thick on large risers, and 
then cover this with dry floor sand. In this manner 
you heat the covering layer by means of heat gener- 
ated from the exothermic reaction, but you minimize 
the cost by using dry sand as the insulator. The heat 
loss to the sand in this case comes from the heat sup- 
plied by the exothermic reaction. There is thus a 
minimum heat loss from the riser metal itself. 


Insulating Riser Sleeves 


By using insulated risers, it is possible to produce 
castings of dependable soundness, and do this with a 
yield in most cases of over 80 per cent saleable cast- 
ings.’ In this case the efficiency of the riser is ovet 
40 per cent, compared with riser efficiency in normal 
practice of 10 per cent or less. 

Consider in this instance the bearing casting shown 
in Fig. 3. This casting was produced from 80 Cu, 10 
Sn, 10 Pb alloy. To assure adequate feeding, six insu- 
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Fig. 3—Casting made of 80-10-10 metal. Gross weight 

1100 lb; net weight 948 lb; yield 86 per cent. Six 3.50- 

in. 1.D. insulated risers poured 71% in. high were 4 
in. high after solidification. 


lated risers were positioned as shown. The risers were 
3% in. in diameter, and poured 714 in. high. After 
solidification, the risers were flat across the top and 
averaged 414 in. in height. This means that 31.2 cu in. 
of metal went from the riser into the casting from each 
of these risers, or a total volume of 187 cu in. of feed 
meta] was supplied to the casting from the risers. This 
casting had an estimated volume of 2960 cu in. It is 
therefore evident that metal volume equivalent to 6.3 
per cent of the casting volume has been transferred 
from the riser to the casting during the solidification 
process. It is also evident that the riser efficiency is 
about 50 per cent—that is to say half of the metal 
which was poured into the riser went into the casting 
to compensate for volume contraction of the metal 
which was poured into the casting originally. 

The data in Table | indicates the relative insulat- 
ing value of the gypsum-base insulating formulation. 
These data were obtained by pouring molten bronze 
into the cavities listed, and then probing the open 
risers to determine the time required for the metal to 
solidify completely. It is interesting to note tha 69.7 
cu in. of 80-10-10 bronze can be kept molten six times 
as long in an insulated cavity covered with exothermic 
hot topping as would be the case for a normal open 
riser of the same size. 

The data in Table 3 was obtained by placing a 
thermocouple in the center of the mold cavity. This 
more exact method substantiates the information ob- 
tained by simply probing the top of the riser. 

The high efficiency of a riser of this type is due to 
the fact that the metal does not solidify against the 
side of the riser. The insulation of the formulation 
is so effective that not even enough heat is removed 
to cause a solid skin to form at the riser-metal inter- 
face. This is evident in Fig 3. The insulating sleeve 
is shown in the right-center background, and _ this 
sleeve was poured to a height of 14-in. below the top 
of the sleeve. 

The greatly increased riser efhciency which is pos- 
sible through the use of insulated risers offers many 
advantages in casting production. In the first place, 


TaBLeE 1—DeENsiry oF PuRE CoppeER! 





Specific Volume Volume of 





Grams per Lbs per 560 Ib 


Temperature State cc cu in. cu in. 
68 F (20 C) solid 8.96 0.324 1728 
1981 F (1083 C) solid 8.36 0.302 1862 
1981 F (1083 C) liquid 7.92 0.286 1958 
2400 F (1315 C) liquid 7.76 0.280 2000 





TABLE 2—Time REQUIRED FOR BRONZE* TO SOLIDIFY 
IN SAND AND INSULATED CAVITY 





Time Required for Metal to Solidify 





Insulated Insulated 





Cavity Dimensions Cavity Cavity Cavity 
Diam, Height, Volume, Sand Cavity, Top Open, Top Insu- 
in. in. cu in. Min Min lated,** Min 
2.00 5.50 17.3 ly 3 414 
2.50 5.50 27.0 2 6 10 
3.50 7.25 69.7 1, ily oQe*s 


* Metal was 80-10-10 poured at 2050-2075 F. 
** Previously used sleeves crushed and used to insulate surface. 
*** When exothermic hot topping was used to cover the top 
of this size cavity, the metal remained molten for 27 minutes. 





Taste 3—TimMe REQUIRED FOR ALUMINUM BRONZE* 
TO SOLIDIFY 





No. I 


Cavity Dimensions 314 in. dia. & 7 in. deep 


Metal Liquid Gypsum Green Sand 
Metal Liquid plus 10 Min Less than 1 Min 


some solid 20 Min 5 


50 Min 6 
Pouring temperature 2200 F 
First recorded temperature 2040 F 
Mildly exothermic material used as top covering. 


No. 2 


Cavity Dimensions 31% in. dia. & 7 in. deep 





Gypsum Dry Sand 
Metal liquid 5 Min 0 Min 
Metal liquid plus 
some solid 18 Min 5 Min 
Total 23 Min 5 Min 
First recorded temperature 1900 F 1860 F 


Mildly exothermic material used as top covering. 
* 8-aluminum, 314-iron, bal. copper 





these risers can be used to assure adequate feeding on 
troublesome or critical jobs. Numerous illustrations 
of applications for insulated risers have been reported 
in recent technical articles.*-§.? 

The use of insulated risers also provides a means of 
increasing output where melting capacity is limited. 
This is true on an over-all basis or for a particular job. 
As an example consider the manganese bronze valve 
stem in Fig. 4. This casting required only 330 Ib of 
metal to pour when insulating sleeves were used as 
shown in the illustration. Normally this casting would 
have required 520 lb to pour. By using sleeves the 
casting was produced with 190 Ib less metal than 
would be required without insulation—a 36.5 per cent 
saving in metal. 
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In addition, the riser for this casting without insu- 
lation would be of 10-in. diam. This riser would be 
difficult to cut off, and would also have to be quar- 
tered by sawing or cut-off wheel for remelting. On 
the other hand the 3.5-in. diam risers can be removed 
readily, and there is no problem with remelting. 

Another advantage is that the diameter of the riser 
when properly insulated is usually one-half the diam- 
eter of a riser for the same casting when the riser is 
formed in natural molding sand. This means that in- 
sulated risers can be used to advantage in many cases 
where there are restrictions as to the size riser which 
can be used. This might be due to bars in the flask, 
actual flask dimensions, or other similar causes. 

It is also possible to use an exothermic moldable 
material to produce riser sleeves. This material would 
function in a manner similar to the mildly exothermic 
hot-topping compound. The writer is not familiar 
with the details of this method, and for this reason is 
not in a position to evaluate this method for increas- 
ing the efficiency of risers. 


Highly Exothermic Riser Compounds 


It is also possible to remelt and highly superheat the 
riser metal by means of a highly exothermic reaction. 
The reaction between properly sized aluminum pow- 
der and suitable metallic oxides produces liquid metal 
of controlled composition. This method has been re- 
ported by Lutts, Hickey, and Bock.?’ The method 
involves pouring the riser short, waiting, and then 
superheating the riser by the addition of the correct 
amount of exothermic material. 

This method is used commercially in the produc- 
tion of pure nickel and nickel alloy castings. The 
method is of particular value for these castings, since 
the gypsum-base insulating material will flux when 
used with nickel and nickel alloys. 





Fig. 4—Manganese bronze valve stem. Yield of 78.5 
per cent was achieved on this 259-lb casting by using 
four 31%4-in. 1.D. insulated risers poured 51% in. high. 
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50-in. 1.D. riser. Gross weight, 68 lb; net weight 51 
lb; yield 75 per cent. 


Fig. 5—The three bearings shown were fed from the 
. 


The method is not as attractive for aluminum and 
copper-base alloys, since these castings can be made 
with high riser efficiency by using insulating sleeves. 
In addition the high temperatures involved cause 
volitilization of zinc and lead. Further, the metallic 
oxides used to prepare the mixtures are expensive and 
difficult to obtain at the present time. 

Lutts, Hickey and Bock report “A word of caution 
is desirable . . . as to the explosive character of copper 
oxide when inadvisedly used alone or in certain com- 
binations with other oxides, particularly aluminum 
not properly graded. This situation makes the pro- 
duction of exothermic powders for copper bronze 
rather more difficult than is the case with monel metal 
or steel.” They add “No particular problem exists 
with ordinary steel, nickel copper and chromium cop- 
per mixtures.” 

There-is one other method for increasing riser efh- 
ciency which should be mentioned—that of feeding 
several castings from one common riser. This method 
is illustrated in Fig. 5. This procedure has numerous 
advantages. In the case illustrated; the method, com- 
bined with the use of an insulated riser, enabled the 
foundry to produce three pieces per mold. In previous 
practice it was possible to make only two castings per 
mold due to the riser size. 


Summary 


Production of scund, dense castings requires first 
that risers be located so that solidification will pro- 
ceed directionally to the source of feed metal in the 
riser. Secondly, the dimensions of the riser must be 
such that there will be sufficient liquid metal in this 
reservoir to compensate for the volume contraction of 
metal which was originally poured into the casting. 

The actual efficiency of the riser can be increased by 
any method which will (a) prolong the time that the 
riser metal remains molten or (b) increase the rate 
of solidification of the casting. 

Use of circular risers for minimum riser surface area, 
use of chills to increase the rate of solidification ol 
chunky castings, and gating the casting through the 
riser are methods which should be used to assure efh- 
cient feeding. 

Heat loss from the top surface of open risers should 
be minimized by the use of suitable insulation or 
exothermic hot-topping compound. 
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Insulated risers can be used to achieve yields of over 
80 per cent, even on castings made from high-shrink- 
age alloys such as high-conductivity copper, alumi- 
num, and manganese bronze, and _ high-shrinkage 
aluminum alloys. The advantages of riser insulation 
should be considered by producers of non-ferrous cast- 
ings. 

Highly exothermic riser compounds may be used to 
greatly increase the efficiency of risers for nickel and 
nickel-alloy and steel castings. 
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DIE CASTING MAGNESIUM ALLOYS 


By 


R. C. Cornell* 


MAGNESIUM is the baby of the die casting materials 
in this country. Not until 1931 did Charles Pack first 
die cast magnesium in his vertical cold chamber 
machine. Despite this good beginning no progress was 
made until 1935, when the horizontal cold chamber 
machine came into use. In the interim, considerable 
experimentation served to demonstrate that the air- 
gooseneck machine was unsafe and incapable of pro- 
ducing quality magnesium castings. Steady progress 
has been made since 1935. 

In Germany the start was earlier, in 1925, again 
with the air machine. By 1932, however, the Germans 
were producing a considerable tonnage of magnesium 
die castings, largely with aid of the Polak cold cham- 
ber machine. The trend then reversed, and by the 
start of World War II the Germans were producing 
a large proportion of their magnesium die castings 
on hot chamber machines, both piston and air types. 
The hot chamber machine has not been commercially 
reverted to in this country although we may see it 
before long. Considerable research is being carried 
on in this direction. The hot chamber machine has 
a strong incentive in its high casting speed, as well 
as in the complexity of the castings it can produce. 

Special Methods Required 

The physical and chemical characteristics of mag- 
nesium differ somewhat from those of other metals, 
and special methods are required for casting and fin- 
ishing. Magnesium tends to oxidize quite readily at 
higher temperatures (1000 F). It may also be oxidized 
by sulphur. This tendency to oxidize makes it neces- 
sary to melt magnesium under a_ protective flux 
blanket of sulphur dioxide. 

An interesting paradox exists with respect to sul- 
phur. Briefly, sulphur dioxide inhibits burning until 
burning starts. Then it feeds the burning because of 
magnesium reaction with both the sulphur and the 
oxygen of the decomposed sulphur dioxide. This pe- 
culiarity is the cause of some of the fires occurring in 
handling magnesium. Water and sand are also dis- 
sociated by burning magnesium with resulting violent 
reactions, and are not suitable as fire extinguishers. 

The metal is tarnished quite readily by moist and 
salty atmospheres. Its oxide coating (unlike that on 
aluminum) is not a sealer, and therefore cannot pro- 
tect the appearance of castings subjected to exposure. 

Melting and Refining: Because of its tendency to 
burn when molten, magnesium requires special and 
experienced handling in melting and refining. The 
casting pot is protected by sulphur dioxide by means 
of a special, self-generating hood over the pot. The 
casting scrap (sprues, dripping and flash) cannot be 
properly cleansed in the casting pot, and must be re- 
turned to an open refining pot where a flux is used 
to clean and protect the melt. From there it may be 
transferred in the molten state to the casting pot 
or re-pigged. 


* Vice President, Litemetal Dicast, Inc., Jackson, Mich. 


398 


The casting pot must be fluxed out periodically. 
This fluxing operation is carried out with consider. 
able care to ensure that no flux remains to contami- 
nate the castings. It is very important to keep the 
casting pot free from dross accumulations at the metal 
line. Such accumulations seem to promote burning 
of the metal. 

Minor alloy additions must be made to the remelted 
die cast scrap to maintain the proper composition. 
The most commonly used alloy, AZ91 (R), is not sus- 
ceptible to alloy contamination in the manner of 





Magnesium die castings have many critical applica- 
tions, especially in aircraft engines and accessories.® 


zinc-base alloys. Nickel and copper are the detrimental 
contaminants because they increase the corrosion 
rate of the metal when exposed to salty atmospheres. 
Excess zinc in the alloy serves only to increase its 
already strong tendency toward hot cracking. Alumi- 
num above the composition limits makes the metal 
hard and brittle. 

Fumes from the melting fluxes are very corrosive 
toward buildings and castings. An unprotected metal 
building can be completely eaten away in several 
year’s time. Special precautions should be taken in 
the construction of a building to be used for magnesi- 
um melting. Any steel work must be well protected 
with acid-resisting paints. Castings must be protected 
during storage and processing. In the author’s plant, 
the magnesium castings are removed from the casting 
department promptly, and then each box is covered 
with a canvas. 

Die Casting Technique: Unquestionably, magnesium 
presents more difficulties than any of the alloys com- 
monly used in die casting. Fortunately, the mag- 
nesium die caster has to contend with only one prac- 
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iical alloy. This difficulty in casting stems from two 
characteristics of the alloy: its low heat content at 
the pouring temperature, and its wide freezing range, 
the latter being the cause of hot cracking. When 
cast from the same pouring temperature, magnesium 
must give up only about half as much heat as does 
aluminum before being removed from the die. This 
means that magnesium will not flow as far or into 
is thin a section as would aluminum. On the other 
hand, it means that magnesium can be removed from 
the die with less delay, thereby greatly speeding the 
casting cycle. 

In a given die, magnesium can be cast 20 to 30 per 
cent faster than aluminum. On the other hand, the 
casting efficiency of magnesium is definitely lower. 
For example, a job which produces 8 to 10 per cent 





This textile warp beam or spool has 13-in. diameter 
magnesium die cast flanges, joined by central tubing. 


scrap in aluminum may run 15 to 20 per cent in mag- 
nesium, which offsets some of the casting speed ad- 
vantage of magnesium. 

Gating for magnesium is not too different from 
that for aluminum. The major difference, in the 
author’s experience, is in the aspect ratio of the gate. 
The broad, thin gate so often seen on aluminum die 
castings is not often used for magnesium. The area 
of the gate will depend on the method of filling 
desired. The great majority of castings are made with 
a small “spray” gate. Venting must be more carefully 
thought out and more generous, in view of the faster 
injection normally used with magnesium. 

Extremely high pressures are sometimes used when 
exceptional soundness is required. These high pres- 
sures are used only when absolutely necessary in view 
of the detrimental effect on dies and the accompany- 
ing difficulty of casting injection. While on the sub- 
ject of high pressures, it might be well to point out 
that special means of attaining those high pressures 
should be very carefully studied before purchasing 
equipment for die casting magnesium. 

Much money and energy have been wasted in try- 
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ing to produce aircraft quality magnesium die castings 
with such devices as pre-fill injection. Injection multi- 
pliers may have the same drawbacks unless they have 
the capacity of getting the metal into the die fast and 
hard without a letdown or hesitation at the end of the 
stroke. The greatest success has been achieved with 
a large accumulator on a fairly large cylinder plus 
generous valving and piping to put the metal in 
hard and fast. 

Magnesium places more of a demand on die cast- 
ing equipment than any other metal. Most important, 
the machine must be flexible, i.e., have a wide range 
of plunger speed and pressure. Cooling of the dies is 
much less of a problem with magnesium than with 
aluminum. This is one reason why dies tend to last 
longer with magnesium. In some cases it is figura- 
tively necessary to horsewhip the operators to get 
them to cast fast enough to keep the dies at the 
optimum operating temperature. Dies must be sturdy 
to withstand the terrific mechanical shock. By the 
same token, the die clamping must be more powerful 
to hold the dies together, which means a _ larger 
machine. 

Magnesium is prone to give more trouble with 
surface imperfections than other metals. These im- 
perfections consist of cracks, misruns, shrinks, swirls 
(turbulence marks) and oxidation. The last men- 
tioned is the roughness resulting from oxide buildup 
on hot spots of the die. It can sometimes be combated 
by selective water cooling in the die, but more often 
can be eliminated only by changing the design of 
the casting. One automotive casting produced in 
the author’s plant had to be converted to aluminum 
because oxidation prevented a smooth paint job. 


Cores Easily Removed 

Little difficulty of this sort has been experienced 
in aluminum so long as water lines are kept clear. 
On the other hand, little difficulty is experienced 
with magnesium galling on cores where draft is in- 
adequate, nor does die washing result with magnesi- 
um. Fundamentally, magnesium is a slippery metal. 
Cores have been pulled 214 in. deep with no draft 
and no tendency to scuff. Long, thin cores give less 
trouble in aluminum because of the reduced me- 
chanical shock. 

Trimming: Die trimming of magnesium die castings 
is done in much the same manner as with aluminum 
or zinc. Less shaving action on the trim dies is re- 
quired. In fact, a chamfer on the cutting edge is often 
used to give a smooth or burnished job. Trim dies 
are seldom hardened as is necessary in aluminum 
trimming. Also, it is never necessary to oil the castings 
or trim dies to prevent scuffing. 

If grinding or buffing are to be done, special pre- 
cautions must be observed in collecting and dispos- 
ing of the grinding dust. The author prefers indi- 
vidual and portable water-wash collectors for each 
grinder. Any type of collector must be properly 
maintained and regularly cleaned to guard against 
serious explosions. Magnesium dust mixed with 5 
to 30 per cent water makes a very potent explosive. 
Only a spark is required to set it off. 

In six years of experience with individual collect- 
ors this plant has never had a magnesium fire that 
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resulted in a lost-time personal injury or property 
loss. To prevent hydrogen and magnesium dust ex- 
plosions any collector must be kept clean and well 
ventilated. The sludge should be burned on a dump. 

Drilling, tapping, turning and milling may be done 
dry without the need of dust collectors. In these 
operations it is important to maintain sharp tools 
and to prevent the accumulation of chips so that any 
fire will be a minor one. Trimming flash is returned 
to the melting room for reclamation. Chips and 
grindings are not economically recoverable and are 
usually burned on the dump. If large quantities 
of coarse chips are produced they may be sold to a 
smelter, which is better equipped to obtain economi- 
cal recovery. The little machining necessary on mag- 
nesium die castings will demonstrate its excellent 
machineability. Tool life is much greater than with 
aluminum. 

Finishing: After trimming, one of two treatments is 
given the castings, depending on their use. They may 
be either chrome-pickled or oiled. This is necessary 
to forestall undue corrosion of the castings during 
subsequent shipment and storage. The oil dip actually 
provides the best protection, but sometimes is objec- 
tionable with respect to finishing operations. 

The pickle provides a good base for commercial 
painting operations. For aircraft work the castings 
are given (by the painter) an alkaline dichromate 
boil, followed by the usual zinc chromate primers, 
etc. Anodizing is possible but is not often used be- 
cause of its cost. Plating of die castings has lagged 
behind the development for other magnesium forms. 

Applications: The light weight of magnesium, two- 
thirds that of aluminum, is its main selling point. 
Notable exceptions to this are in textile bobbins and 
lawn-mower gears. In the former, aluminum is unde- 
sirable because it tends to smudge and mark light 
colored yarns. In the latter, the wear resistance of 
magnesium is just as good as that of aluminum but, 
due to the current high price of secondary aluminum, 
magnesium is at present the most economical ma- 
terial. However, the current shortage of primary and 
secondary magnesium alloy may soon push this job 
into aluminum. Other applications are optical instru- 
ments (cameras-binoculars), portable business ma- 
chines, portable tools, aircraft parts, and auto parts. 


Relative Cost Factors Govern 

The cost of the castings is a large factor in their 
salability in competition with aluminum or zinc. 
Roughly speaking (with normal metal prices), if an 
aluminum die casting weighs 14 lb or over, mag- 
nesium may be competitive. The same would be true 
in the case of a zinc casting weighing over | Ib. Sev- 
eral years ago, when aluminum and zinc ingot prices 
were high and magnesium was normal, it was found 
that most of the usual arguments against magnesium 
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fell into insignificance because of the cost savings that 
could be offered. The fact that magnesium parts must 
often be painted where an aluminum or zinc part 
could exist without protection is a definite deterren 
to their use. 

The foregoing discussion boils down to this—ther: 
is a best use for each of the die casting alloys. Thei: 
continued advancement can be brought about onl) 
by careful application engineering. Each of the alloys. 
magnesium, brass, aluminum and zinc, must take its 
place alongside the others and stand or fall on its 
own merits. 
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DISCUSSION 

Chairman: M. E. Brooks, The Dow Chemical Co., Bay City. 
Mich. 

Co-Chairman: W. D. Danks, Howard Foundry Co., Chicago. 

D. L. LAVELLE:* Why does the spray type of gating seem to 
work best in your practice whereas for magnesium you would 
not basically think that type would be best because of mag 
nesium’s tendency to exidize and form dross? 

Mr. CorNELL: Since magnesium has a very small heat content 
and since the majority of die castings have relatively thin sec- 
tions, it is not practical to keep the metal flowing in the die at 
a velocity at which it can complete filling of the cavity within 
the time limit allowed by the heat content of the material. In 
other words, the metal would freeze before it got there if in 
every case you would get the spray filling or squirting. We do 
fill some castings with a solid front, distinct from spray filling. 
However, the sections and the gates must be generous and it 
takes extremely high pressures to keep the metal moving. 

J. J. Warca:* I would like to have the author elaborate on 
pressure considerations in magnesium die casting, especially with 
regard to hot pressure machines opposed to cold pressure 
machines. Is there a limiting pressure below which magnesium 
cannot be cast readily or soundly? 

Mr. Cornett: I do not think there is a limiting pressure. The 
pressure required to put the metal in the die and fill the die 
properly without misruns is a function of several factors, among 
which are temperature of the metal and temperature of the die, 
insulating coatings on the die, etc. Before long there may be 
increased use of the hot chamber die casting machine in this 
country. 


1 Research Metallurgist, American Smelting & Refining Co., Barber, N. ] 
2 Process Engineer, Piasecki Helicopter Corp., Morton, Pa. 
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SILICON-CHROMIUM ALLOY IN 
COMPLICATED IRON CASTINGS 


By 


Ralph A. Clark* 


ABSTRACT 


Four automobile cylinder castings were poured from a typical 
cylinder grade of cast iron as follows:— 

1. Conventional unalloyed cylinder iron. 

2. The same iron as No. 1 alloyed with sufficient nickel shot 
and high carbon ferrochrome to yield an alloy level of 
0.28 per cent nickel and 0.23 per cent chromium. 

The same iron as No. I alloyed with 0.34 per cent chrom- 
ium and 0.20 per cent silicon as 30 per cent silicon—50 per 
cent chromium alloy. 

4. The same iron as No. 1 alloyed with 0.51 per cent chrom- 
ium and 0.30 per cent silicon as 30 per cent silicon—50 per 
cent chromium alloy. 

Sectioning and exploration for Rockwell B hardness and 
microstructure indicated that all four irons were pearlitic in 
nature and quite similar in mechanical properties in arbitration 
bar sections. The chill depths of the four irons in a hatchet- 
type specimen were similar. However, variation in cooling rate 
brought about wide variation in the microstructure and hard- 
ness in critical sections of the cylinder castings. 

The unalloyed iron and that containing 0.28 per cent nickel 
and 0.23 per cent chromium showed a decided tendency toward 
formation of primary ferrite along the surface of the cylinder 
bore and a tendency toward formation of ferrite in critical sec- 
tions of the cylinder bores. The irons alloyed with increased 
amounts of silicon-chromium alloy showed less tendency toward 
formation of a ferritic surface layer and a more uniformly 
pearlitic structure throughout the casting. All of the silicon- 
chromium additions resulted in an increase in the uniformity of 
hardness in the cylinder bores at a slight increase in the hard- 
ness level. No massive carbides were found in any of the speci- 
mens examined. 


~F) 


THE EFFECT OF VARIATION in section thickness 
and consequent cooling rate of gray iron castings is 
generally recognized. Work done by various investi- 
gators has fixed the fact that rate of solidification and 
subsequent cooling rate of the casting as determined 
by the thickness of section has considerable effect on 
the metallographic structure of gray iron and its physi- 
cal properties. Generally speaking, the hardness and 
strength of a plain cast iron will decrease with in- 
crease in section size, and the amount of such decrease 
to be expected in castings of relatively simple design 
has been rather well determined.** 


* Electro Metallurgical Company, a Division of Union Carbide 
and Carbon Corporation, Detroit. 

** See Cast MerTats Hanpsook, 3rd edition, published by 
A.F.S. (1944) for data. 
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This is true as long as the iron has random graphite 
distribution and a normal pearlitic structure. How- 
ever, when freezing rates are rapid and approach a 
rate which will yield a chilled or mottled structure, we 
obtain a fine, sooty fracture and a microstructure char- 
acterized in extreme cases by type D and E graphite 
with a matrix which may contain primary ferrite in 
either large or small amounts. A freezing rate which 
is not quite drastic enough to cause formation of pri- 
mary ferrite may yield a pearlitic matrix with some 
abnormal graphite. The presence of primary ferrite 
in the sub-chill eutectiform structure results in low- 
ered hardness and poor resistance to wear and scuf- 
fing. Thus, light sections of a casting or corners and 
flanges which freeze rapidly may be softer than heav- 
ier sections in the same casting. 


Inoculation of Cast Iron 


Inoculation of cast iron by the ladle addition of 
silicon in one form or another is a well established 
method of avoiding eutectiform structure. The addi- 
tion of a carbide-forming alloy such as chromium is a 
common method of stabilizing the pearlitic structure 
and avoiding decomposition at high temperature, thus 
avoiding soft areas in slowly cooled portions of a cast- 
ing. However, chromium as an alloying element has 
the effect of increasing chill depth, and the amount 
that can be used alone as ferrochrome without difh- 
culty from chilled corners and flanges may be lim- 
ited. For this reason, additions of chromium are 
often combined with nickel or with one of the graphi- 
tizing inoculants in proportions which will avoid an 
increase in chill depth. 

A silicon-chromium alloy analyzing approximately 
30 per cent silicon and 50 per cent chromium has re- 
cently been introduced to the foundry industry as an 
addition for cast iron. This material is so balanced 
in composition as to make practical the addition of 
chromium with no significant change in chill depth, 
while the silicon content has a mild inoculating ef- 
fect. The silicon also confers excellent solubility com- 
pared to the conventional high carbon and foundry 
grade ferrochromes generally used as ladle additions 
in the iron foundry. 
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It would seem that the structure of the metal in 
any given part of a complicated iron casting would 
depend on several factors. These are: (1) The rate 
of freezing as determined by the thickness of the sec- 
tion; (2) The rate of subsequent cooling as deter- 
mined by section thickness and, more particularly, by 
design; (3) The chemical analysis of the iron, and 
(4) Any processing which the iron may have received. 
The following is a report of an investigation of four 
six-cylinder automobile cylinder block castings of typi- 
cal design cast from four irons of similar arbitration 
bar properties and chilling tendency. 


Procedure 


In this investigation four cylinder-block castings 
were poured by a regular producer of this type of gray 
iron casting from metal which had been alloyed in 
various ways. 

Sample No. 1 represents a conventional unalloyed 
cylinder iron containing nickel and chromium only 
in residual amounts. 


Sample No. 2 represents the same iron as No. | 
to which had been added sufficient nickel shot and 
high-carbon ferrochrome as a ladle addition to yield 
an alloy level of 0.28 per cent nickel and 0.23 per 
cent chromium. This is a low alloy composition 
which has been rather widely used in passenger car 
and light truck cylinders. 


Sample No. 3 represents unalloyed iron. to which 
had been added a balanced 30 per cent silicon, 50 per 
cent chromium alloy in sufficient amount to yield a 
chromium level of 0.34 per cent. 


Sample No. 4 represents unalloyed iron to which 
had been added a sufficient amount of 30 per cent 
silicon, 50 per cent chromium alloy to yield a chrom- 
ium level of 0.51 per cent. 

The cupola charge was: 


1,075 lb Malleable pig iron 
2.24 Si, 0.92 Mn, 0.13 P, 0.03 S) 
1,025 lb Steel scrap plate and flashings 
1,900 Ib Mixed returned scrap and purchased iron 
scrap 
15 Silicon briquets—5-lb size 
7 Silicomanganese briquets 
650 lb Coke—mixed brands 
155 lb Limestone 
8 lb Cornell flux 


Metal was tapped continuously into a small receiving 
ladle holding about two tons, using a calibrated tap 
hole and rear slagging. The temperature of the metal 
at the spout was approximately 2800 F. 

Four cylinder block castings were poured from pre- 
viously used 1,000-lb capacity ladles to which the al- 
loys were added as the ladle was filled. The castings 
were poured at a controlled temperature of 2670 to 
2680 F, as determined by optical pyrometer. Immedi- 
ately after pouring each casting, 2 core sand mold 
containing 1.2-in. arbitration test bars was poured. 
Three hatchet-type chill specimens were also poured 
from each ladle. 
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While metal for these castings was taken from a re- 
ceiving ladle containing some 2 tons of molten iron, 
the cupola was operating under average conditions 
with a continuous flow of iron into the receiver, and 
there was some turnover of metal in the receiver re 
sulting in a slight drift in the analysis of the metal 
during pouring of these sample castings. In addition 
to samples No. I, 2, 3 and 4 representing cylinder cast- 
ings, chill specimens No. 5 were poured from the base 
metal during the filling of ladle No. 4 to determine 
any change in the analysis of the base iron during the 
progress of the test. 


Chemical Analyses 


Chemical analyses were made on samples prepared 
from the arbitration bars and from chill block speci- 
men No. 5. The results are given in Table 1. 





TABLE | 

%Tul ZR RSH hb 

Sample Treatment Carbon Mn P Si Ni Cr 
1 Base Iron 3.24 ~—0.85_-0.11 0.13 2.12 0.08 0.14 

2 Ni-Cr 3.26 2.21 0.28 0.23 

3 0.34% Cr 3.26 2.31 0.11 0.34 

4 0.51% Cr 3.24 2.45 0.13 0.51 

5 Base Iron 3.24 0.91 0.11 0.14 2.26 0.13 0.15 


(Final) 





Chill Test Specimens 


The chill depth of each iron as determined by frac- 
turing the specimens is shown in Table 2. 





TABLE 2 
Specimen No. ] 2 3 4 5 
0.28Ni 0.54Cr 0.51 Cr Base 
Treatment eee eo Adames: | wiates ames 


Chill Depth in Vp in. 





17 15° 12 15 12 
17 15 8 15 ye 
17 15 10 14 14 





It will be noted that there was little difference in the 
chilling properties of the various alloy combinations. 
Specimens No. | and No. 5 of the base irons indicate 
a slight reduction of chill depth during the progress 
of the test. 





1. Base Iron 
2. 0.28 Ni—0.23 Cr Iron 
3. 0.34 Cr Iron 
4. 051 Cr Iron 
5. Base Iron Taken at Time No. 4 Casting was Poured. 


Fig. 1—Fractures of Broken Chill Specimens 
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Fig. 2—Cross-section of typical cylinder block at line 
of removal of longitudinal section, showing interior 
contours and wall thicknesses. 


Tests on Arbitration Bars 


The results of transverse tests over an 18-in. span 
and hardness determinations on the arbitration bars 
from each of the four casts are given in Table 3. 
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circular sections were taken at a position approxi- 
mately 2 in. below the top of the cylinder block 
which, as may be noted in Fig. 2, is just below the 
heavy section at the top of the block. 


Hardness Surveys 


Rockwell B hardness surveys were made on the 
longitudinal sections as shown in Fig. 4. Readings 
given are the average of three or four individual 
readings depending on the section thickness. It is 
evident from Fig. 4 and Table 4 that use of the sili- 
con-chromium alloy resulted in a slight increase in the 
maximum hardness, combined with a considerably 
greater increase in the hardness of the soft zones at 
the center of the bores, resulting in a more uniform 
hardness along the length of the cylinder bore. 


TABLE 4 











TABLE 3 
Sample Type oft Breaking Deflection, Hardness 
No. Iron Strength, Ib In. Bhn 
l Base 3020 0.270 212 
l 2900 0.230 
2 Ni-Ci 3000 0.265 212 
2 “ 3000 0.250 
3 0.34 Cx 2920 0.255 212 
3 Ws 3100 0.250 
4 0.51 Ci 3060 0.250 217 
4 a 2380 0.190 207 








Strength and deflection values of one of the No. 4 
specimens were somewhat low, but in hardness and 
transverse properties the irons do not appear to be 
significantly different. 

Metallographic specimens were prepared from each 
of the arbitration bars and each iron was found to be 
pearlitic in the 1.2-in. round section. There was com- 
paratively little difference in graphite characteristics 
among the four bars. 


Examination of Cylinder Block Castings 


In order to obtain specimens for hardness surveys 
and metallographic examination, the cylinder block 
castings were cut to obtain longitudinal and circular 
sections from the two central cylinder walls. The 
longitudinal sections were cut from the valve chamber 
side and included a portion of one valve seat. The 


Rockwell B Hardness 








Sample Maximum Minimum Hardness 
No. Treatment at Topo: Bottom Thin Section Difference 
l Base Iron 89.0 79.8 9.2 
2 Ni-Cr 90.8 81.4 9.4 
3 0.24 Cr 90.3 88.2 2.1 
4 0.51 Cr 93.9 88.9 40 





Examination of the individual hardness readings 
of the longitudinal samples revealed a difference in 
hardness between those taken near the surface of the 
section and those taken at the center of the cylinder 
wall. The silicon-chromium treated irons were uni- 
form in cross-sectional hardness. See Table 5. 

The maximum variation in hardness at a given posi- 
tion was about 6 Rockwell B units for samples | and 
2, while it was 2 to 3 units in samples 3 and 4. 

The untreated and low nickel-chromium irons 
tended to be soft in the water jacket area, while the 
irons treated with silicon-chromium alloy were rela- 





Fig. 3—Cross-section of cylinder block at location of 
removal of ring specimen. 
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Fig. 4—Longitudinal sections from cylinder blocks, 
with average Rockwell B hardness values across wall 
thickness at approximately Y-in. intervals. 


TABLE 5 





Relative Position 
Sample in Cross 
No. Treatment Section 


Rockwell B Hardness 


Distance from Cylinder Top, In. 
ee See ee a Te 








l Base Center 87.6 83.5 90.5 86.4 83.5 88.0 88.5 
Bore Surface 85.2 84.4 85.0 83.0 81.8 81.8 87.0 

Ni-Cr Center 88.0 87.5 87.0 87.0 86.2 89.8 92.0 
Bore Surface 88.5 82.2 83.5 81.2 83.0 84.0 92.0 

3 0.34Cr Center 86.8 91.5 89.0 90.0 89.5 89.8 88.5 
Bore Surface 87.8 89.0. 89.0 90.5 89.0 89.0 86.0 

4 0.51Cr Center 90.0 90.0 91.0 92.0 89.5 90.5 91.5 
Bore Surface 91.0 87.7 90.5 91.0 90.0 87.5 92.7 


no 





tively uniform in this area. These differences were 
most significant near the bore surface where the lowest 
values were found in the untreated iron. 

It will be noted in the hardness surveys of the 
circular sections (Fig. 5) that there was a sector at 
the bottom of each specimen that was relatively soft. 
This zone corresponded to the large flat in Fig. 3. 
Adjacent to this flat was the bottom of a valve port 
separated from the bore by the jacket core which was 
relatively light at this location. As mentioned pre- 
viously, the thinning of the section here would tend 
to increase the rate of solidification, while the ad- 
jacent sections separated by the thin core retarded 
subsequent cooling. The result was that this section 
of the cylinder wall tended to have more eutectiform 
graphite and. a large amount of ferrite which was 
reflected in the soft zone. It was evident that the 
silicon-chromium treatment in samples 3 and 4 elimi- 
nated the soft zones at the small flats between the 
cylinders, as well as at the valve port wall and effec- 
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tively minimized the effects of change of section and 
cooling rate so that relatively uniform hardness was 
obtained throughout the cylinder walls. 


Metallographic Examination 


Specimens for metallographic examination were 
prepared from both ends of the longitudinal speci- 
mens, as well as at 1-in. intervals along their length, 
while four specimens at 90-degree intervals were taken 
from each of the circular sections, one being from 
the thinnest part of the cylinder wall. 

In examining the specimens cut from the longi- 
tudinal sections, it was observed that, with respect 
to microstructure, the top and the bottom portions 
of the cylinders were approximately similar, but that 
there was a marked difference in some cases between 
these and the intermediate portions. A difference 
was also noted between microstructures adjacent to 
the bore and those at the center of the cylinder walls. 
To illustrate typical structures over the length of the 
cylinder, photomicrographs were taken of specimens 
prepared from the top, and from positions 214 in. and 
5 in. from the top of the cylinder block. 

There was little difference in the microstructure of 
the arbitration bar specimens of these four irons. All 
were of random graphite distribution and the matrix 
of each specimen was entirely pearlitic in nature. This 
was also true in some locations in the cylinder cast- 
ings. 

In Fig. 6, 7, 8 and 9 are shown the microstructure 
at the center of the cylinder wall at the top of the 
longitudinal section of each casting. It will be noted 
that in each case, the structure at this location is 
composed of the desired pearlitic matrix with type A 
random graphite distribution. The relatively heavy 
section at this location results in a freezing rate which 





Fig. 5—Circular sections from cylinder blocks, with 
average Rockwell B hardness values across wall thick- 
ness at approximately Y4-in. intervals. 
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Fig. 6—Block No. 1 





Fig. 8—Block No. 3 











Fig. 9—Block No. 4 


Microstructure at center of wall near top of longitudinal section of cylinder block. Nital etch. Mag. —— x 250. 


is slow enough to allow the development of the ran- 
dom graphite structure, while the cooling rate after 
solidification due to location at the outside of the 
casting is rapid enough to discourage self annealing. 
While addition of alloy had little effect on micro- 
structure at this location, it did result in a mild 
increase in hardness and the higher chromium irons 
exhibited a finer graphite flake size. 

On the other hand, Fig. 10, 11, 12 and 13 show that 
adverse cooling conditions in some portions of the 
casting imposed by the design of the piece can result 
in a wide difference in the microstructure depending 
on the chemistry and treatment of the iron. These 
micrographs illustrate the structure of the metal at 
the thinnest portion of the ring specimens. It will 
be recalled that these ring specimens were removed 
from the casting at a location approximately 2 in. 


below the head contact surface. The thin portion 
illustrated here was directly opposite the bottom edge 
of the valve port (Fig. 2 and 3). 

The jacket core at this point was thin and became 
rapidly heated to a high temperature by the metal 
on either side, thus delaying cooling of the iron in 
this area. The result of rapid freezing was formation 
of a substantial amount of type D graphite associated 
with primary ferrite in the lower chromium irons. 
The result of delayed cooling of the solidified metal 
was self annealing, and formation of some secondary 
ferrite associated with type A graphite around the 
edges of the abnormal areas. The amount of ferrite 
and abnormal graphite present became progressively 
less as the chromium content increased, but this phase 
did not entirely disappear until a 0.51 per cent 
chromium level represented by block No. 4 (Fig. 13) 
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Fig. 10—Block No. 1 





Fig. 12—Block No. 3 
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Fig. 11—Block No. 2 


Fig. 13—Block No. 4 


Microstructure at center of thinnest wall portion of circular section of cylinder block. Nital etch. Mag. —— x 250. 


was reached. 

The effect of slightly delayed solidification and 
more rapid subsequent cooling is shown in Fig. 14, 
15, 16 and 17 taken from the thicker portion of the 
ring specimens. The heavier section delayed solidi- 
fication, and the jacket cores were more massive at 
this location and exerted some cooling action after 
the metal was frozen. The result was that the ab- 
normal ferrite-type D graphite structure showed up 
only in the unalloyed iron from block No. 1 illus- 
trated in Fig. 14. All the alloyed blocks showed a 
pearlite-random graphite structure in sharp contrast 
to specimens taken from the same ring samples at a 
more critical area (Fig. 10, 11, 12 and 13). 

Figures 18, 19, 20 and 21 illustrate the microstruc- 
ture at the edge of the thin wall portion of the circular 
section of the cylinder bore. Accelerated freezing at 


the surface of the cylinder bore resulted in a surface 
envelope of abnormal structure largely consisting of 
type D graphite and primary ferrite. The depth of 
this highly ferritic envelope decreased with increasing 
chromium content, and it practically disappeared at 
the 0.51 per cent chromium level, sample No. 4. 

Figures 22, 23, 24 and 25 show the microstructure 
at the edge of the valve seat near the top of the 
longitudinal section of the block. Graphite structure 
was finer at this location than in the cylinder wall, 
but was mostly random in distribution, due to the 
relatively heavy section of the head contact. The 
graphite flake size again decreased with increasing 
chromium content of the iron. 

In summary, the metallographic examination of 
specimens taken from the center bores of these cy]- 
inder castings showed the following trends:— 
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Fig. 14—Block No. 1 


Fig. 15—Block No. 2 
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Fig. 16—Block No. 3 





Fig. 17—Block No. 4 


Microstructure at center of thicker portion of circular section of cylinder block. Nital etch. Mag. —— x 250. 


1. In thin portions of the cylinder bore, there was 
a decided tendency toward formation of segregated 
areas of ferrite with type D graphite. The proportion 
of this eutectiform structure was increased where the 
construction was such as to promote rapid freezing 
of the iron followed by subsequent slow cooling. This 
condition, resulting in areas of reduced hardness at 
central portions of the cylinder barrel, was particularly 
pronounced in castings No. 1 and No. 2. The ad- 
dition of sufficient chromium in the form of silicon- 
chromium alloy effectively suppressed the ferritic 
structure and promoted the desirable random dis- 
tribution of graphite in a pearlitic matrix, thus re- 
ducing the spread in hardness in castings No. 3 and 
No. 4. 

2. At heavier portions of the cylinder barrel, some- 
what slower solidification of the iron resulted in the 


desirable random graphite in a pearlitic matrix in 
all the castings. The result of the higher chromium 
content of castings No. 3 and No. 4 was an increase 
in the hardness level of the pearlite and refinement 
of the graphite structure. 


3. All the castings showed a ferritic envelope at the 
surface of the cylinder bore. The thickness of this 
ferrite layer decreased with increasing chromium con- 
tent, being relatively heavy in casting No. | and be- 
coming progressively thinner in castings No. 2, 3, and 
t. The result of this envelope was the wide variation 
in Rockwell hardness readings at given locations in 
castings No. 1 and 2 which was mentioned earlier. 
Castings No. 3 and No. 4 did not show this variation 
in hardness, as the soft surface layer was too thin 
to come under the Rockwell penetrator. 
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Fig. 18—Block No. 1 





Fig. 20—Block No. 3 
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Fig. 19—Block No. 2 


Fig. 21—Block No. 4 


Microstructure at edge of thinnest wall portion of circular section of cylinder block. Nital etch. Mag. —— x 250. 


Conclusions 


Examination of samples of automobile cylinder 
castings of an untreated iron, an iron alloyed with 
0.28 per cent nickel and 0.23 per cent chromium, an 
iron alloyed with silicon-chromium alloy containing 
0.34 per cent chromium, and another treated with 
the same alloy with 0.51 per cent chromium, revealed 
that, as compared to the other two irons, those treated 
with the silicon-chromium alloy had a greater uni- 
formity in hardness over both the length and girth 
of the cylinder. In addition, samples of these last 
two irons were more uniform in hardness over the 
cross-section of the cylinder wall. This uniformity in 
hardness was combined with a slight increase in the 
maximum hardness and without materially effecting 
chill depth or transverse properties. 


The metallographic examination and hardness ex- 
plorations serve to illustrate that there is often vari- 
ation in the structure of the iron at closely adjacent 
areas in an intricate casting as the result of minor 
variation in the freezing rate and subsequent cooling 
rate of the metal as controlled by the design of the 
casting. Spot checking of hardness or microstructure 
is useless as a method of determining suitability for 
the service application unless such checking is pre- 
ceded by careful exploration which fixes the critical 
areas at which unsuitable hardness or microstructure 
are likely to occur. As an example, examination of 
a specimen taken from the top of the cylinder bore 
of any of these castings would have indicated a satis- 
factory pearlitic microstructure in spite of the fact 
that all of them except the No. 4 casting contained 
free ferrite and abnormal graphite in certain critical 
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Fig. 22—Block No. 1 


Fig. 24—Block No. 3 
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Fig. 23—Block No. 2 
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Fig. 25—Block No. 4 


Microstructure at valve seat edge near top of longitudinal section of cylinder block. Nital etch. Mag. —— x 250. 


locations. Use of a sufficiently high chromium ad- 
dition in this case in the form of a silicon-chromium 
alloy was one method for ensuring a random graphite 
distribution and the pearlitic matrix which is usually 
desired in cast iron to be used in applications where 
resistance to wear is required. 

The silicon-chromium alloy additions produced an 
iron that had a higher hardness and greater uni- 
formity of hardness and microstructure than either 
the untreated iron.or the iron treated with the nickel 
and ferro-chrome alloy selected for comparison. The 
greater uniformity of microstructure at the bore of 
the cylinder should greatly increase wear resistance. 
It may be concluded that the silicon-chromium alloy 
is a suitable addition for the improvement of cast 
iron automotive cylinder blocks or other intricate 
iron castings. 
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Chairman: H. H. Witper, Vanadium Corp. of America, De- 
troit. 

Co-Chairman: J. L. Brooks, Muskegon Piston Ring Co., 
Sparta, Mich. 

E. A. Loria (Written Discussion):+ We can confirm § the 
author’s findings on the decided tendency toward formation of 


1 Senior Engineer, Metallurgy, The Carborundum Co., Niagara Falls, N. \ 
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primary ferrite along the surface of the bore of defective auto- 
motive cylinder blocks. In a metallographic and chemical anal- 
ysis study of thin sections where cracking occurred, a coarse 
cellular structure comprising fine particle graphite and ferrite 
and a low total carbon content were the only features that could 
have caused the defect. 

In a piece (designated .as sample A) taken from a cracked 
water jacket, a survey of the general area of the 4g in. cross- 
section and the periphery of the circulae portion revealed large 
cells that could be observed visually, the microstructure being 
I'ype D graphite and primary ferrite. In traversing the %4g in. 
thick section, large patches of ferrite associated with the 85 per 
cent type D graphite were observed. In another 34g in. thick 
section (sample B), the microstructure along the crack and per- 
pendicular to it was type D graphite and primary ferrite, the 
coarse cellular structure being observed visually or macroscopi- 
cally all the way across the section. There was no sulphide inclu- 
sion segregate on either surface. Again, in a heavier piece taken 
from the bulkhead (sample C) with a variable 1% in. to 1 in. 
thick section, large cellular outlines could be observed visually 
at the corners. Microscopically, types D and B graphite and 
primary ferrite were seen. On traversing the 1% in. thickness, 
from edge to edge, mainly type A graphite was found except 
for the edges where the types B and D graphite were evident. 
At the center, the matrix structure was pearlite with a significant 
amount of secondary ferrite adjacent to the flake graphite. Still, 
there was no evidence of sulphide inclusions creating the defect. 
Representative micrographs illustrating these statements are 
presented as Fig. 26. 

The chemical analysis of drillings taken from the samples 
just described were: 


Sample TC CC GC Si Mn S P 
A 3.14 0.24 2.90 2.10 0.76 0.19 0.13 
B 3.31 0.43 2.88 2.10 0.76 0.20 0.13 
Cc 3.16 0.39 2.77 1.99 0.82 0.20 0.12 


The significant feature here is the low total carbon content and 
the rather high sulphur content in the defective areas of an 
iron which should contain around 3.40 per cent total carbon 
and less than 0.15 per cent sulphur. The low total carbon con- 
tent appears to be the most important consideration since ‘there 
is considerable evidence to indicate that the lower total carbon 
irons are more prone to undercooling for any given cooling rate 
than the higher carbon irons. This is where inoculation comes 
in. It nucleates the solidification centers preventing undercool- 
ing and its attendant type D graphite, but the important thing 





A—Type D graphite and primary ferrite. 
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is to have the proper composition in the base iron for it wil! 
influence the need for and the type of inoculant that is nece- 
sary. The base iron cylinder blocks studied by the author con 
tain only 3.24 per cent total carbon and this brings up. th 
question of whether or not the type D microstructure at the wal! 
portion of the circular section could not have been minimized 
(reduced in amount) if a higher total carbon iron had been 
produced? Would the author be able to show the same micro 
structural difference in ring specimens of base iron cylinde 
blocks analyzing 3.25 to 3.35 per cent total carbon, 1.95 to 2.25 
per cent silicon compared to his silicon-chromium alloy treated 
blocks? Of course, some silicon bearing inoculant would also be 
used in the former to produce an even microstructure across 
the section. 

In Table 1, the higher silicon contents of the silicon-chromium 
alloy treated cylinder blocks 3 and 4 are to be noted. Besides its 
graphitizing action, silicon lowers the amount of carbon required 
for the eutectic concentration. This is one of the reasons why 
higher silicon, lower carbon irons are generally finer grained 
than lower silicon, higher carbon irons of approximately the 
same strength and why the evaluation of grain or cell size (and 
consequently the tendency for formation of type B graphite) 
for the silicon-chromium alloy treated and untreated irons has 
to be made on the basis of comparable chemistry. Can the 
author show ring specimen structure and hardness values on 
this basis? That is comparing his iron with nickel-chromium 
stabilized or SMZ inoculated iron. 

Mr. CLarK (Written Reply to Mr. Loria): It is gratifying to 
learn that Mr. Loria’s experience confirms our findings on the 
tendency toward formation of primary ferrite along the surface 
of the bore of automobile cylinder blocks. 

Taking Mr. Loria’s comments in order, we believe that 
cracked water jackets in cylinder blocks (or for that matter, 
cracking in any gray iron casting) usually result from conditions 
which cause residual stress in the casting of a magnitude ex- 
ceeding the strength of the metal, thus resulting in fracture. 
Such failure may result from a variety of causes either mechani- 
cal in nature or partially the result of metal quality. We agree 
that low total carbon and high sulphur may promote cracking. 
Residual stress is the result of varying cooling rate in different 
portions of the casting causing contraction of the metal at a 
differing rate. Such uneven contraction may leave portions of a 
casting stressed in either tension or compression. The degree of 
such stress is affected by the design of the casting, the degree of 
collapsibility of cores, shake-out temperature, etc. Low carbon 
content of the metal may affect cracking due to the fact that iron 
which is low in carbon contains less graphite and contracts to 





B—Type A graphite and secondary ferrite. 


Fig. 26—Represeniative microstructures in defective automotive cylinder blocks. Nital etch. Mag. 500x. 
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a greater extent during cooling, thus setting up somewhat 
higher stresses than when metal of higher carbon content is 
employed. The primary ferrite type D graphite structure 
probably also has a detrimental effect on cracking. As we 
know, this structure shows rather poor mechanical properties, 
and thus would be more likely to fracture under conditions of 
high residual stress. Primarily, however, we believe the problem 
of stress cracking is one of design and foundry practice rather 
than strictly a metal problem. 

Mr. Loria questions whether the 3.24 per cent carbon content 
ot the iron studied in this paper is not lower than desirable. 
We believe that typical automotive cylinder irons will vary in 
carbon content from 3.10 per cent for one large manufacturer to 
as high as 3.50 per cent for another. The average of the indus- 
try probably is in the range of 3.25 to 3.30 per cent total carbon 
content. Cupola operation which results in a carbon range of 
plus or minus 0.10 per cent from the desired level is considered 
to be under rather satisfactory control and, thus, we believe the 
3.24 per cent carbon level of this iron representative of the 
metal produced by the industry. 

rhe phenomena reported in this paper have been checked at 
a number of automotive foundries melting somewhat varying 
irons. As an example, strips cut from a tractor cylinder block 
cast from an unalloyed iron containing 3.38 per cent carbon and 
2.07 per cent silicon showed a Rockwell B hardness variation of 
92.2 to 80.2 on the soft side of the cylinder bore. A similar 
casting alloyed with 0.31 per cent chromium in the form of the 
silicon-chrome alloy showed a Rockwell B hardness range of 
%1.0 to 90.8 and at the 0.44 per cent chromium level 95.5 to 89.7. 
The depth of the abnormal surface envelope was drastically re- 
duced by use of the silicon-chrome alloy in a manner similar to 
that reported in this paper. 

We believe that the results we have reported are typical for 
irons of carbon content normally used in cylinder castings. 
Carbon levels much above 3.40 per cent may result in a coarse 
graphite structure which gives an open appearance and poor 
finish in honed cylinders (this defect is often reported as porous 
bores). High carbon content may also result in leakers during 
water testing of cylinder castings after machining. 

We agree with Mr. Loria that effective inoculation of cylinder 
iron with a suitable silicon-bearing graphitizing inoculant would 
result in evening out of the graphite structure and the formation 
of a reduced amount of type D graphite at critical cooling rates. 
We believe, however, that such an unalloyed iron, partciularly at 
a higher carbon content, would be more likely to show secondary 
ferrite and low hardness in slowly cooled portions of the cylinder 
bores due to lack of stability of the pearlitic structure. It has 
often been demonstrated that the presence of a small amount of 
chromium in the 0.30 to 0.50 per cent range confers a stability 
of structure which promotes retention of pearlite and satisfactory 
hardness under adverse cooling conditions. For this reason, we 
believe an inoculant of the stabilizing type such as the silicon- 
chromium alloy here described is desirable for cylinder castings. 

In regard to the suggestion that these irons should have been 
compared on the basis of the same silicon level, we made an 
effort to compare the various irons on the basis of similar chill 
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depth. The depth of chill is a rather definite limiting factor re- 
garding the composition of unalloyed iron which can be used 
in cylinder castings. The base iron reported here is rather typi- 
cal and in common use. The stabilizing inoculant used intro- 
duced sufficient silicon to counteract the chilling tendency of 
the chromium addition, and we believe that a foundry using it 
in this type of casting would normally produce a somewhat 
higher silicon content metal than if an unalloyed iron containing 
no chromium were used. We appreciate Mr. Loria’s comments 
and hope that we have answered his questions in a satisfactory 
manner. 

H. W. Lownie, Jr.:* In the author’s No. 4 casting, his ladle 
addition consisted of roughly 0.30 per cent silicon and 0.50 per 
cent chromium. How would 0.30 per cent silicon alone have 
acted? 

Mr. CLARK: We did not make a casting treated with 0.30 per 
cent silicon alone. Obviously, I am unable to give an exact 
answer. I believe that silicon inoculation would have been 
beneficial in eliminating the eutectiform structure, but that the 
Brinell hardness or Rockwell hardness of such a casting would 
have been considerably lower, probably in the range of about 
30 points Brinell. In other words, we would have obtained a 
pearlitic structure, but one with a softer pearlite than when 
the chromium treatment was employed. 

Mr. Lownie: I am curious about whether the author tried a 
straight silicon inoculant to solve this problem, and how it 
acted. 

Mr. CLark: We did not try a straight silicon inoculant. I 
presume the people who operate this foundry have tried this 
during the past years. I produced automobile castings myself 
for some eleven years, and an effective inoculation practice has 
never been very popular in most of the production automobile 
foundries. There are no doubt several reasons for this condition, 
and I believe some of them could be overcome very readily. 
Probably the biggest reason is that the lack of uniformity of 
structure in castings of this type is not recognized by the foundry 
operators. Our metallurgists realize the effect of cooling rate, 
but the average engineer is inclined to overlook it. We usually 
check the hardness of a casting at the cylinder head, and if a 
satisfactory range is maintained, we are inclined to overlook 
variations in the cylinder bore down in the center of the casting. 

MeMBER: What was the analysis of that chrome-ferro-silicon 
alloy? 

Mr. CLARK: In round figures, 50 per cent chromium and 30 
per cent silicon. This alloy is just a practical and convenient 
way of adding chromium. 

MEMBER: Would there be a noticeable reduction in leaks in 
the use of that alloy? 

Mr. Ciark: There have been quite a few carloads of this 
material used in cylinder work. As to its effect on leakers, I 
certainly would not claim that it could be used to reduce the 
frequency of this defect. I do not expect that use of this alloy 
would have much, if any, effect. 


2 Assistant Supervisor, Battelle Memorial Institute, Columbus, Ohio. 








MODERN CORE SAND PRACTICE 


By 


R. H. Greenlee* 


MANY FOUNDRIES during recent months have 
been faced with the problem of increasing core pro- 
duction. In many instances this increase has been 
limited due to inadequate core oven facilities for bak- 
ing. As a result, many foundrymen have shown con- 
siderable interest in the use of resins and the fast 
baking, highly polymerizing core oils as a means of 
increasing their core oven capacity. It is the purpose 
of this paper to endeavor to show how these core 
binders can be succes:fully incorporated into a well- 
balanced core sand mix which will produce a desir- 
able core. The advantages and disadvantages of each 
will be discussed. 

In the use of resins or the faster baking core oils to 
obtain desirable baked core physicals, it is essential 
that we have a fairly good working knowledge of the 
correct use and effect of all the raw materials which 
are used in the production of a well-balanced core 
sand mixture containing these bonding agents. 

Success in the use of resins depends almost entirely 
upon having the proper ratio of cereal to water with 
a given resin content. It will be noted in Table | 
that extremely high baked tensile strengths are ob- 
tained when moisture and cereal are progressively in- 
creased. Results were obtained by using laboratory 
batches. Green compressions are the average of three 
tests and baked tensile strengths are the average of 
five standard briquets which were baked in a labora- 
tory oven for 15 min at 500 F. 


Michigan Dune Sand Used 


It will be noted that a Michigan dune sand was 
used in carrying out many of the laboratory tests in- 
stead of a standard A. F. S. silica sand. This was 
done because a Michigan dune sand was used for core 
production and it was the thought that the results of 
laboratory tests using this sand would be more indica- 
tive of what could be expected when laboratory 
batches were converted to production mixes. 

Figure 1 shows the grain distribution curve of the 
Michigan dune sand used for these tests. 


* Foundry Supt., Auto Specialties Mfg. Co., St. Joseph, Mich. 


TABLE 1—RESIN SAND MIxEs—LABORATORY BATCHES. 


Effect of cereal and water on baked tensile strength. 

















Baked 

Calculated Determined Green Tensile 

*Cereal, **Resin, Moisture, Moisture, Compression, Strength 
% % % % psi psi 
0.5 0.5 2.0 2.0 0.25 145 
0.5 0.5 3.0 3.15 0.28 150 
0.5 0.5 4.0 4.1 0.29 184 
0.5 0.5 5.0 5.15 0.30 193 
1.0 0.5 2.0 2.05 0.33 19] 
1.0 0.5 3.0 2.8 0.38 217 
1.0 0.5 4.0 4.1 0.40 232 
1.0 0.5 5.0 5.05 0.32 253 
1.5 0.5 2.0 2.1 0.51 230 
1.5 0.5 3.0 3.3 0.54 284 
1.5 0.5 4.0 4.15 0.50 299 
1.5 0.5 5.0 5.0 0.42 295 
2.0 0.5 2.0 2.15 0.68 172 
2.0 0.5 3.0 3.0 0.64 268 
2.0 0.5 1.0 4.2 0.60 319 
2.0 0.5 5.0 5.0 0.56 338 
2.5 0.5 2.0 1.9 0.82 114 
2.5 0.5 3.0 3.1 0.80 181 
2.5 0.5 4.0 4.1 0.73 328 
2.5 0.5 5.0 5.2 0.71 294 
3.0 0.5 2.0 1.95 0.98 90 
3.0 0.5 3.0 3.2 0.94 161 
3.0 0.5 4.0 4.05 0.89 301 
3.0 0.5 5.0 4.85 0.90 264 


Addition—Per cent Weight to Dry Sand 
Sand —Michigan Dune Sand 

* Cereal—Corn Flour 

** Resin—Phenol 





Cores bonded with the phenolic resins bake 30 to 
50 per cent faster than cores bonded with the conven- 
tional core oils. Polymerization of the resin is com- 
pleted shortly after the elimination of water in the 
core. This rapid polymerization, compared to the 
rather slow oxidization process characteristic of the 
slower baking core oils, accounts for the savings in 
baking time. Baking temperatures may range from 
350 to 500 F. However, care and good judgment must 


51-39 








o7 RETAINED 


RAKENM TOweIeII Cc eTOoc Ae Ti Oe 


th 


pl 
Va 
di 


al 
th 


ti 
Sti 
ag 
ne 


tl a ed A 2. oe 


—_—  _—h—(C 


to 
‘n- 


he 
he 
he 
in 
m 
St 





R. H. GREENLEE 


be exercised in the selection of this temperature. Un- 
less baking conditions are optimum, the lower temp- 
eratures will prove to give the best results. Cereal 
burn-out becomes more severe at higher temperatures 
and baked tensile strengths fall off rapidly once the 
core has been completely baked. The only advantage 
of high oven temperatures will be to shorten the oven 
cycle. Figure 2 shows the baking curve of a phenolic 
resin compared to a slower baking core oil. As will 
be noted, the baked tensile strength of the resin falls 
off sharply at 500 F compared to 400 F. 
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Another advantage of the phenolic resins is their 
thermosetting properties. As a result, they do not 
require oxygen during the baking process. This 
property of being thermosetting is used to good ad- 
vantage in the curing of resin cores by means of 
dielectric heating. 

Because of their water solubility, resins migrate— 
along with the water—toward the surface of the core, 
the curing of which produces extremely hard surfaces. 
The interior will be slightly softer. This characteris- 
tic is desirable—that of having a core which will with- 
stand handling with a minimum loss in core break- 
age—providing, of course, that core collapsibility is 
not impaired. 


413 


Moisture content of a core is an important factor 
in controlling surface hardness. Higher moisture 
content will result in correspondingly higher surface 
hardness. It appears that resin-bonded sands will 
tolerate a higher moisture than sands bonded with 
oil. In fact, it is only with the use of higher moisture 
ranges that resin-bonded sands may be successfully 
used to obtain optimum physical core properties, par- 
ticularly hardness and baked strength. Surface hard- 
ness of cores whether bonded with resin or oil may 
be materially increased by spraying with water. It 
will be found that the baked strength of the core 
will be effected very little. Dextrin, the soluble com- 
ponent in cereal, also plays an important role in the 
development of surface hardness. Those cereals which 
contain a higher dextrin content will generally pro- 
duce a core with a harder surface. During the baking 
process, dextrin, being soluble, will migrate to the 
surface along with the water. There, it is deposited 
and upon curing imparts a certain degree of skin 
hardness to the core surface. From this may follow 
the thought that cereals containing high dextrin con- 
tents are to be desired. This is true to a certain extent. 
Cereals containing exceptionally high dextrin con- 
tents, although increasing surface hardness, reduce the 
baked strength of the core. Green compre:sion is also 
impaired. 

Tabie 2 illustrates the effect on green compression 
and baked tensile strengths of a given core mix con- 
taining increasing amounts of dextrin. Mix “A” rep- 
resenting that mix with the lowest dextrin content, 
Mix “F” that with the highest. All cereals were 
heavy weight. Results are the average of three separ- 
ate mixtures. 


TABLE 2 





Laboratory Mix 


ae SE Pie ote si, 
EE Aenean ka tw aae wines Watts his as 1.0% 
Motetmare (Calculated) ............,... 3.7-3.9% 


Mulling Cycle and Baking Time 
Mulling Cycle: 
Be: Raeetes cdi ds ows caeutecedecsanewane 2 min 
DS Shas Sao ve sinex Sowcanneatass .. 4 min 
Baking Cycle: 
25 min at 450 F 


Baked 
Green Tensile 
Moisture, Compression, Strength, Surface 
Cereal % psi psi Hardness 
L- A 3.8 0.64 146 54 
B 3.7 0.64 140 58 
Cc 3.7 0.60 132 63 
D 3.6 0.55 121 70 
E 3.9 0.48 100 72 
H- F $.7 0.32 87 75 





Sand stickiness is characteristic of core sand con- 
taining resin unless the sand grains are properly 
lubricated with a release agent. Sand mixtures of 
cereal and water only will tend to be sticky and as a 
result will not work well in a core box. With the 
addition of an oil to this mixture, stickiness is re- 
duced or entirely eliminated. This is primarily due 
to the lubricating effect of the oil on the grains of 
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sand. There are no lubricating qualities inherent in 
a resin. In fact, quite the opposite is true. Resin, by 
nature, has a definite tendency to make any core mix- 
ture sticky. As a result, certain agents must be added 
not only to eliminate the stickiness due to the cereal 
but also that due to the resin. Materials quite fre- 
guently used are the lighter oils, particularily kero- 
sene in combination with the fatty acids, such as 
stearic, naphthenic, or oleic. Concentrations of these 
must be watched closely. These so-called release 
agents while eliminating core sand stickiness, do how- 
ever, reduce certain physical properties of the baked 
core. Surface hardness and baked tensile strength are 
most noticeably affected. 

Table 3 shows the effect on surface hardness and 
baked tensile strength with the addition of 0.3 per 
cent by weight of a release agent to a resin-bonded 
sand. Laboratory mixtures were made in which the 
composition was varied as shown in Table 3. Mix- 
tures were made with and without the addition of a 
release agent. It will be noted that green compressive 
strengths are also affected, being considerably lower 
in all batches which contained a release agent. All 
materials added are in per cent by weight to dry sand. 

Resin-bonded sands present somewhat of a_ prob- 
lem in striking-off the surface of a green core. This 
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is primarily due to the higher moisture content nece,- 
sary. The sand has a tendency to tear and as a resu't 
creates a rather rough surface. In many cases, this 
condition is relatively unimportant. However, thei: 
are many instances in which the surface of the cor 
plays a very important part in determining the over- 
all dimensional length of a ca:ting. Here, it is neces- 
sary for the strike-off surface to be smooth and bx 
held to certain close tolerances. It will be found that 
an aluminum strike-off bar, machined to an edge, 
will work satisfactorily. Resin-bonded sands have a 
greater tendency to stick to :teel than to brass o1 
aluminum. It may even be necessary to use aluminum 
inserts in place of steel inserts in certain locations of 
some core boxes. 

Table 4 shows the effect of compocition on strike- 
off, using a flat aluminum bar which was machined 
to a cutting edge. All materials are given in per cent 
by weight to dry sand. 

The storage life of a liquid phenolic resin is some- 
what limited, particularly if stored as received. Th« 
solubility of a resin in water is a good indication of 
its efhciency in producing a well-balanced core mix. 
Over a period of time, this solubility will gradually 
reach a point where very little water can be added to 
a given amount of phenolic resin without causing the 


TABLE 3—REsIN SAND Mrxes, LABORATORY BATCHES. 
Effect of release agent on baked tensile and surface hardness. 




















Baked 
Iron Silica Release Calculated Determined Green Tensile 
Sand,lb Oxide,% Flour,% Cereal,% Resin,% Agent,% Moisture, ©, Moisture, % Compression, psi Strength, psi Hardness 
18* 1.0 0.9 1.5 0.75 0.3 1.0 3.75 0.63 288 85- 90 
18 1.0 0.9 1.5 0.75 ris 4.0 3.85 0.65 330 95-100 
18 1.0 1.5 0.75 0.3 3.0 3.0 0.62 322 80- 90 
18 1.0 1.5 0.75 - 3.0 2.9 0.70 349 95-100 
18 1.0 1.5 0.75 0.3 2.5 2.55 0.62 255 80- 90 
18 1.0 1.5 0.75 ie 2.5 2.5 0.66 316 95-100 
18 1.0 0.9 1.5 0.75 0.3 2.5 2.4 0.76 242 80- 90 
18 1.0 0.9 1.5 0.75 bs 2.5 2.4 0.89 298 95-100 
18 2.0 1.5 0.75 0.3 3.5 3.55 0.71 - 310 95-100 
18 2.0 1.5 0.75 ‘4 3.5 3.5 0.75 343 95-100 
18 2.0 1.5 0.75 0.3 3.0 > a | 0.77 225 80- 85 
18 2.0 1.5 0.75 ~ 3.0 2.7 0.80 280 90- 95 
18 2.0 1.5 0.75 0.3 2.5 25 0.71 235 80- 85 
18 2.0 “4 1.5 0.75 2.5 2.5 0.85 290 90- 95 
* Sand—Michigan dune sand 
TABLE 4 
Silica Iron Release Calculated Determined Green 
*Sand,lb Cereal,% Flour,% Oxide,% Resin,% Agent, % Moisture, ° Moisture, % Compression, psi Strike off 
15 x eh 4.5 1.5 0.32 Good 
15 a 0.5 0.3 1.0 4.2 0.25 Good 
15 sf a 1.0 0.5 0.3 1.0 $.2 0.27 Good 
15 : 0.9 1.0 0.5 0.3 1.0 1.2 0.26 Good 
15 0.5 0.9 1.0 0.5 0.3 1.0 1.2 0.37 No Good 
15 1.0 0.9 1.0 0.5 0.3 1.0 1.1 0.41 No Good 
15 1.5 0.9 1.0 0.75 0.3 2.5 2.8 0.71 Fair 
15 1.0 0.9 1.0 0.75 0.3 2.0 1.6 0.60 Good 
15 1.5 0.9 1.0 0.75 0.3 2.0 2.1 0.70 Good 
15 2.0 0.9 1.0 0.75 0.3 2.0 2.1 0.90 Fair 
15 1.5 0.9 1.0 0.75 0.5 2.0 2.0 0.80 Fair 
15 1.5 0.9 1.0 0.75 0.75 1.0 3.9 0.71 Fair 
15 0.5 0.9 1.0 0.75 0.75 1.0 4.] 0.40 Good 
15 0.75 0.9 1.0 0.75 0.3 1.0 t.1 0.41 Good 
15 1.5 2.0 0.5 0.3 1.0 3.8 0.76 Very Good 
15 1.0 a 2.0 0.5 0.3 1.0 3.8 0.50 Very Good 
15 0.5 4.0 0.5 0.75 0.3 1.0 4.2 0.90 Very Good 


* Sand—Michigan dune 


It will be noted that as the percentage of fines is increased, the strike-off surface becomes progressively better. 
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mixture to precipitate resin residue out of solution. 
I{ used in this condition, cores will possess very Kittle 
surface hardness and other physical properties will 
fall off sharply. Solubility tests should be run daily 
and records filed in order to recognize and determine 
that point in the solubility curve which will indicate 
when the resin is no longer suitable for use. The 
storage life of a resin may be prolonged by diluting 
with water. Keeping resin stored at lower tempera- 
tures will also increase the storage life. Storage life 
is reduced considerably when the re.in is stored at 
higher room temperatures. 

Cleanliness is a criterion always to be stressed when 
handling the phenolic resins. Certain individuals are 
allergic to free phenol formaldehyde (always pre. ent 
in varying amounts in all liquid phenolic resins). 
These individuals, however, generally constitute a 
small proportionate number of the total working 
force. Instructions in cleanliness should be put into 
effect, for cleanliness does appear to be a determining 
factor in many borderline cases of allergies of this 
nature. 

Recently, several fast baking core oils have been 
made available to the foundry industry. Several of 
these oils will bake out equally as fast as the resin. 
Figure 3 shows the typical baking curve of this type 
of oil compared to a liquid phenolic resin and a 
regular moderately baking core oil. 
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BAKED TENSILE STRENGTH, PS! 


Oil Oil 
Cereal,% (Slow),% (Fast),% Resin, % Water, % 
A 1.0 1.0 wa a 3.0 
B 1.0 e 1.0 ad 3.0 
Cc 1.0 i - 1.0 3.0 


All additions are in per cent by weight to dry sand. 


Fig. 3 


It will be noted that the faster baking core oils 
have lower tensile strength compared to either the 
resin or slower baking oils. However, in many appli- 
cations, this difference does not prove to be significant. 

Using the faster baking core oils, best core sand 
workability is obtained at lower moisture levels. These 
oils, when worked at higher moisture levels, have a 
tendency toward stickiness. Other properties such as 
transverse strength, collapsibility, and surface hard- 
ness compare favorably with the conventional core 
oils. 

One disadvantage in the use of the fast baking core 
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oils is the fact that they rapidly air dry the core sand 
mixtures. This presents a problem, e.pecially in the 
making of small cores where the consumption of core 
sand is relatively small. However, in the making ol 
larger cores where the volume of core sand used is 
larger and the turn-over is rapid this characteristic 
proves to be advantageous. Cores :et up rapidly and 
as a result will be less prone to sag during transporta- 
tion to the oven. Sagging, as a re.ult of this move- 
ment, is reduced to a minimum. 


Core Sand Mixing Procedure 


Regardless of the type of core sand mixing equip- 
ment in use in any one plant or the type of core sand 
being produced, the same basic principles apply for 
the order in which each material is added to the sand 
during the mixing cycle in order to produce a core 
mixture which will have the maximum physical core 
sand properties for that particular core mix. To il- 
lustrate, consider a simple mix consisting only of 
sand, cereal, water and oil. All dry ingredients—in 
this case sand and cereal—should first be thoroughly 
mixed dry. If the cereal is not thoroughly mixed 
with the sand before water is added, the finished core 
sand mixture will contain very small lumps of cereal 
which have only partially been activated with water. 
This constitutes not only a wa:te of material but also 
a mix which is nonuniform in physical properties. 

The time cycle for dry mixing should be carefully 
determined and closely followed thereafter. Next in 
order is the addition of water to the mix. Here, 
cereal which is now uniformly distributed in the sand 
is activated by the water and by continued mixing, 
green compressive strength is developed. The time 
element in this part of the mixing cycle should also 
be carefully determined. Mixing should continue un- 
til maximum green compression is reached. Other- 
wise, more cereal will be added than necessary re- 
sulting not only in higher core cost but also in the 
production of a core with a higher gas content. Oil 
should then be added and again thorough mixing is 
necessary to produce a core of maximum hardness and 
strength for a minimum amount of oil. Complete 
mixing cycles may range from 114 min to 7 min de- 
pending upon the type of mixing equipment. In any 
case, these cycles should be carefully determined and 
when once established, should be put into operation 
and enforced. A more uniform, workable and econ- 
omical mix will be the direct result. 

A rigid and close laboratory control of any core 
sand mixture cannot be over-stressed. Many core 
room problems come as a direct result of improper 
mixing and composition. In many core mixes, a dif- 
ference of 0.2 per cent or 0.3 per cent moisture makes 
the difference between a well-balanced core sand mix- 
ture and one which will give trouble in the core room. 


Conclusions 


1. Thermosetting resins offer the foundryman a 
means of speeding up core baking time without sacri- 
ficing essential core properties. 

2. As with conventional core oils, moisture con- 
tent is an important factor in controlling core sur- 
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face hardness. With the resins, however, this factor 
appears to be more critical and such sands are usually 
worked at higher moisture contents. 

3. By nature, the thermosetting resins impart a 
stickiness to core sands and impair workability. The 
use of release agents is helpful in overcoming this 
condition. 

4. Storage life of phenolic resins is somewhat lim- 
ited. A simple solubility test may be adopted to indi- 
cate the condition of the resin. 

5. Fa:t baking, highly polymerizing core oils are 
available and offer rapid baking. These oils do not 
seem to offer the same high tensile strengths as the 
resins, but may often be used to advantage in core 
room practice. 


DISCUSSION 


Chairman: E. C. Zirzow, Deere & Co., Moline, Ill. 

Co-Chairman: F. J. Prarr, Lake City Malleable Co., Cleveland. 

O. J. Myers: ' I would like to congratulate the author on the 
presentation of an excellent paper. Only through such precise 
and practical work can we “of research” be able to develop new 
and better products for the foundry industry. 

T. W. Curry: ? What is the frequency and severity of derma- 
titis among colored employees when using resins as core binders? 

Mr. GREENLEE: Approximately 2 or 3 per cent of the em- 
ployees are allergic to phenolic resins. To some employees it 
presents no serious problem. However, to others the effect is 
more drastic. In fact in one or two cases, it has been necessary to 
take certain individuals out of the core room entirely due to 
their allergy to phenolic resins. 

Mr. Curry: Colored personnel are not immune to dermatitis 
from synthetic resins and neither are others. We have had cases 
where colored personnel have had slight cases of dermatitis and 
also the dark complexioned or swarthy people. We consider 
dermatitis a problem with all people in the core room. 

H. W. Dietert:* Has the author succeeded in baking core oil- 
and resin-bonded cores in the same oven? Does he favor use of 
bentonite or clay substance in the core sand mixture when resin 
binder is used? 

Mr. GREENLEE: We have placed both resin-bonded cores and 
oil-bonded cores in the same oven without impairing the physi- 
cal properties of either type of core. However, core size must 
be watched closely. Clay substances in general are not desirable 
in most core sand mixtures. Physical properties of a sand mix- 
ture containing clay, with the exception of green compressive 
trength and hot strength, are generally lower. 

Mr. Dierert: I was wondering whether or not you used any 
bank sands with your resin bond, where the clay substance would 
be very low? 

Mr. GREENLEE: At the present time, we are not using bank 
sand in any resin-bonded core mixture. It is all Michigan 
dune sand with an A.F.S. No. 50 to 52. I think you will find 
that the clay content in this sand is exceptionally low, probably 
much below 0.5 per cent. 

MEMBER: Does the resin bond give off fumes in the foundry 
which would be bad for the personnel? 

Mr. GREENLEE: There is no noticeable odor during the bak- 
ing of a resin-bonded core. However, there is a definite pun- 
gent odor present after a mold containing a resin core has been 
poured. The same is true of a mold containing an oil core. 
Which is the least desirable is a matter of opinion. 

Eric WELANDER: * Would the author care to elaborate on the 
actual baking of resin-bonded sand? 

Mr. GREENLEE: I am not in a position to state exactly what 
occurs. However, phenolic resins, when baked at temperatures 
as low as 300 F, transform rapidly into bakelite. At least that is 
my understanding. I believe this rapid transformation accounts 
for the savings in baking time compared to the baking of an 
oil core. It is not an oxidation process. 


1 Director of Foundry Research, Archer-Daniels-Midland Co., Minneapolis. 
2 Metallurgist, Lynchburg Foundry Co., Lynchburg, Va. 

3 President, Harry W. Dietert Co., Detroit. 

4 Metallurgist, Union Malleable Iron Works, E. Moline, III. 
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Mr. WELANDER: I suppose much of your baking time is co:- 
sumed in driving off the water after that. 

Mr. GREENLEE: As soon as the moisture is driven out of the 
core, it is only a matter of minutes, perhaps seconds, before tle 
core is completely baked. No oxygen is required to bake a resin- 
bonded core. 

CHAIRMAN Zirzow: In other words, it is actually a case of 
driving off not only the moisture in the core sand mixture, but 
the moisture in the resin itself. 

J. R. Somers:*® In your process of making crankshafts in a 
dry sand stack mold do you use resin binders or do you use 
core oils? 

Mr. GREENLEE: Both resin and core oil are used as binders 
in making dry sand cores for crankshafts. Some cores are made 
of resin, others of oil. 

W. G. Ferrecy:® The author did not discuss the durability or 
the life of resin binders. Life of resin binders is measured in 
weeks, not months. They must be kept or stored in compara- 
tively cool rooms or storage places. 

In regard to dermatitis, it is our experience that colored em- 
ployees have no trouble with dermatitis resulting from handling 
of resin binders. Lighter skinned, especially red-headed em- 
ployees do get it. It is important to remember that a man 
can get dermatitis working at a sand mixer when the air is hot 
and humid in the room. Such a case can be difficult to clear up. 
We had a case like that. The man was confined to a small 
space while working at the sand mixer. It will take months 
to clear up the condition. 

CHAIRMAN ZiRzow: The author discussed cereal:water ratios. 
I believe he said that if you increased the cereal content to 2 
per cent that you doubled the strength of the core mixture. 
We know that to be rue. Then is it not a case of obtaining 
most of the strength from the cereal binder rather than from 
the resin? What is actually happening in the use of phenolic 
resins is water proofing the cereals so we obtain the maximum 
amount of strength from the cereal rather than from the resin. 

Mr. GREENLEE: To a certain extent that is correct. Many 
foundrymen failed to take into account the tremendous amount 
of tensile strength which can be gained by properly blending 
the correct amount of water with cereal. Practically in no case 
can we add enough water to completely activate all the cereal. 
I would say if we have a sand mixture containing 114 per cent 
cereal we would have to add 7 or 8 per cent water to com- 
pletely activate all the cereal. Although this sand would not be 
usable for making cores, it would make a very hard core possess- 
ing very high tensile properties. 

J. D. Jounson:* We performed many experiments on water: 
cereal ratios in trying to get the maximum green properties and 
maximum baked properties from cereal in sand. We find that 
we can get near maximum or maximum green strength at the 
low ratio of 2 parts of water to 1 part of cereal. 

The maximum baked strength is obtained at approximately 
! to 5 parts of water to 1 part cereal. In other words, if you 
are going to use 114 per cent cereal in your application, you 
must use 6 to 714 per cent water to get maximum baked strength. 
That represents, as you know, a very sticky, gummy core sand 
mixture. You will lose most of your green properties by going 
to that high cereal:water ratio to gain baked strength. 

CHAIRMAN ZiRzow: In other words, it resolves itself into 
whether you are adding cereal for green strength or dry 
strength. 

The author stated that when mixing the sand, you add all 
the dry ingredients first. There is a difference of opinion on 
that procedure. We mix the sand long enough with water so that 
we get even distribution of the cereal in the mixture. That 
phase of the mixing with water is most important in coarse 
sand mixing, even more so than after the oil has been added 
because the more you add oil the more you destroy some of the 
green strength. Inasmuch as you are adding cereal in the 
mixture primarily for green strength, keep your mixing with 
the oil down to a minimum. 

At what time do you add your release agents to the mixture? 

Mr. GREENLEE: The release agent should be added after the 
addition of the resin. In this manner sand stickiness is reduced 
to a minimum. 


5 Chemical Div., General Electric Co., Detroit. 
®V. P. In Charge of Mfg., Auto Specialties Mfg. Co., St. Joseph, Mich. 
7 Metallurgist, Archer-Daniels-Midland Co., Minneapolis. 
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CHAIRMAN Zirzow: In other words, you suggest that you add 
kerosene, stearic napthenic or oleic acid immediately after your 
resin addition or your oil addition. 

Mr. GREENLEE: That is correct. 

CHAIRMAN ZirzZOW: I would agree with you as far as sticki- 
ness is concerned if you were trying to, in the case of kerosene 
or light fuel oils, to dilute your oil and get a better spread of 
it. I think your release agent should not be added until about 
10 or 20 sec of the mixing time to give you best results. 

Memser: The author stated that he bakes phenolic resin cores 
at 550 F. Does surface hardness deteriorate when the cores are 
baked at that temperature? 

Mr. GREENLEE: If cores are properly baked at 500-550 F we 
will have cores with very hard surfaces. However, cereal burnout 
is drastic at these temperatures. Unless we have a cycle which 
is closely watched and controlled, edges on the cores will be 
soft. This, I believe, is primarily due to the fact that the cores 
have been overbaked and cereal burnout has occurred 

Mr. Myers: When baking at 500 or 550 F, we should keep 
in mind core temperature and oven temperature. Time is the 
critical factor. If you put a core in an oven at 550 F perhaps 
at the end of 10 or 15 min or even 30 min, depending on the 
size of the core and the amount of moisture in the core, the 
core has not approached the oven temperature. For that reason, 
if you control the temperature of the core, it will be better, 
than just controlling the temperature of the oven. 

There are pills on the market which you can imbed in cores 
and determine the temperature exactly. 

Clays are going to be used more and more rather than less 
and less in core sand mixtures. We are finding out that there 
is more to green strength of sand than compression tests. By 
that | mean an impact and deformation tester that can be pro- 
cured today, will tell you that green strength is only half of the 
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story in a green core mixture. You must consider the impact 
properties, the sagability of the core, the ability of the core to 
sustain an overhang. 

Mr. Dierert: Where oil-bonded cores are baked simulta- 
neously with resin-bonded cores, I feel it would be advantageous 
to add a drier to the oil-bonded cores so that they may be 
baked more uniformly. Speeding up of baking of the oil-bonded 
cores will help in getting a uniform bake on the oil-bonded 
cores and not hurt the resin-bonded cores with a slight over- 
bake. 

Mr. Dierert: Does the author apply parting materials to the 
core boxes to improve lift by an addition of a release agent? 

Mr. GREENLEE: No. When first using a core box which pre- 
viously has been used for making oil sand cores, this box must 
first be completely cleaned of all oil film. This may be done by 
washing with carbon tetrachloride or any other solvent. 

There are several points which I have neglected to mention. 
Resins do seem to lower the green compressive strength of core 
sand mixtures more drastically than do most core oils. This 
means that if you deem it necessary to hold a certain green 
compressive standard it will be necessary to increase the addition 
of cereal, in the core sand mixture. I also failed to mention 
that a core made with a release agent will have slightly softer 
edges. This is somewhat of a disadvantage. This, however, can 
be overcome by spraying the green core with water or a solution 
of water and resin. 

Mr. Dierert: I am glad Mr. Greenlee mentioned cleanliness 
of the core box because that is one of the paramount steps we 
have to take when we use resin binders. 

A resin that imparts greater green strength than oil has been 
developed. It is a simple chemical that you can add to increase 
green strength of your core mixture. 








EQUIPMENT AND METHODS OF STRAIGHTENING AND 
DIMENSIONAL INSPECTION OF MALLEABLE IRON CASTINGS 


By 


Leslie N. Schuman* 


‘THE PHENOMENAL STRIDES of American industry 
in the matter of high speed production and its asso- 
ciated cost reduction coupled with improved quality 
has required that our industry strive constantly to im- 
prove our product. Were we to stand idly by we 
would see many conversions to competitive materia!s 
that would be a detriment to the foundry industry. 

The Foundry Industry through close cooperation 
with customers has traveled a long road of improved 
materials and methods resulting in great savings in 
both manpower and materials for our customers. 
There were many conversions to malleable iron from 
competing materials with resultant savings in weight, 
cost and product improvement. 

It is not too long ago that the present day functions 
of the Straightening and Inspection Departments 
were handled by either the Shipping Room or the 
Sorting Room. 

Later as customers required a casting a little closer 
to their blueprint dimensions the use of wood gages 
or sheet metal gages made to scale dimensions was 
practiced. There were definitely of questionable ac- 
curacy. This brought about the development of crude 





Fig. 1 (Left) and Fig. 2 (Right)—Typical passenger car 
differentials. 


* Plant Supt., National Malleable & Steel Castings Co., Cleve- 
land, O. 
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cast dies, in many cases made from plaster patterns 
poured on the production pattern, cast of soft steel 
and run on drop hammers or hydraulic presses of 
rather low capacities compared to today’s 500 to 2,000 
ton hydraulic presses. Other castings were hand 
straightened or “custom straightened” by local appli- 
cation of pressure at what appeared to be the warped 
area. 

Further inspection and straightening improvement 
indicated a great need for more accurate pattern work 
particularly wherein duplicate pattern equipment 
was used. In many cases it was found that certain 
contours that did not affect the utility value of the 
product and were rather optional insofar as the blue- 
print was concerned became important to the effective- 
ness of the straightening dies. This brought about a 
change from the old scale, caliper and combination 
square bevel protractor to micrometer, vernier bevel 
protractor or sine bar in the Pattern Shop. 

Today all previous concepts seem to be outmoded 
by the improvements in straightening and inspection. 
That the new thought is beneficial to our customers 
is best indicated by requests for quotations asking for 
price on “Pattern, Die and Gage” whereas it used to 
be “Pattern Cost.”” Gages have developed to be exact 
duplicates of customers first operation setup with sul- 
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Fig. 5 (Left) and Fig. 6 (Right)—Typical differential 
carrier dies as mounted on hydraulic press. 





ficient tolerance targets and limit gages to assure de- 
tecting any dimensional deviations that would result 
in machine scrap. 

As an example of the functions of Straightening and 
Dimensional Inspection of automotive differential car- 
riers similar to those shown in Fig. 1 and 2, the writer 
will explain the procedure followed at his plant. After 
a check of the pattern equipment the pattern is 
mounted in the foundry on a regular production set- 





—_—— 


Fig. 9—Opened bottom die. 





Fig. 10—Differential carrier gage. 





Fig. 7 (Left) and Fig. 8 (Right)—Interior views of dies 
5 and 6. 





up. Five or ten molds are produced under actual pro- 
duction con‘litions. Castings are then thoroughly 
shot blasted and two sets are delivered to the Inspec- 
tion Department for a complete layout. The use of a 
milling machine dividing head equipped with a three- 
jaw universal chuck has proven to be a great time 
saver and a help to greater accuracy in the layout 
room by enabling a complete check in all planes from 
a single setup as shown in Fig. 3. Any deviations are 
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reported to both the Foundry Superintendent and the 
Pattern Shop Foreman for the necessary corrective 
measures. The other castings made are usually broken 
for a check on physical defects such as shrink and 
porosity. When samples satisfactory from a dimen- 
sional viewpoint are available, one set is sent fon 
customer’s approval and several sets are annealed fon 
a trial in the straightening dies, later to be shipped 
for proof machining in customer's regular production 


equipment. 

Assuming the pattern has been approved for produc- 
tion runs, the Hard Iron or Trimming Department 
periodically break a few castings each day to check for 
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shrink and porosity. On large running jobs such as 
these differential carriers, Quality Control Charts are 
maintained based on ten castings per shift. These 
charts are on such items as pinion bore diametcr, 
pinion bore off center, flange thickness, flask shift and 
wall sections. All carriers are checked for cope to 
drag dimension by an adjustable snap gage used on 
the flange thickness as shown in Fig. 4. This gage is 
set to tolerances in accordance with customer's ce- 
sires and the casting accuracy necessary to provide for 
proper functioning of the Straightening Dies. 

After annealing, grinding, chipping and shot blast- 
ing the castings are straightened in conventional type 





Fig. 12—““Go and No Go” gage for pinion end. 





Fig. 13—View of a differential carrier proving gage. 


Fig. 14—Method of radial location. 
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Fig. 17—Side gear seat gage for differential gear case. 
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hydraulic presses of 500 to 1,000 tons capacity. Output 
is 300 to 500 per hour depending on the travel re- 
quired to load and the travel required at high pres- 
sure to close the loose piece dies used. For safety, the 
presses are usually provided with two control buttons 
so spaced that they cannot be actuated by one hand, 
requiring that both hands be “in the clear” to actuate 
press. 

The dies used have loose pieces assembled inside of 
standardized holders as shown in Fig. 5 and 6. The 
top die has contracting loose pieces to grasp the out- 
side diameter of. the flange and the outer section of 
the cross bore bearing legs and expanding loose pieces 
that contact at the inner side of cross bore bearing 
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Fig. 18 (Left) and Fig. 19 (Right)—Typical differential 
gear case dies. 


legs as shown in Fig. 7 and 8. The bottom die shown 
in Fig. 7 and 8 is composed of a holder for the con- 
tracting loose pieces to grasp the outside diameter of 
the pinion bore or stem as we call it. Above this is a 
combination spacer and stop for bottom loose pieces 
on top of which is a pressure plate as shown in Fig. 
9. This provides for easy maintenance of dies and re- 
placement of worn die pieces without complete die 
replacement. 

Each time a die is mounted, or every 8 hr, which- 
ever is first, 100 pieces are gaged in a fixture that du- 
plicates customer's first operation (Fig. 10). The 
points gaged are cross bore bearing legs by means of 
a template as shown in Fig. 11, clearance for pinion 
boring bar and the pinion bore end or stem as we call 
it. The pinion end is gaged with a “go and no go” 








rotating finger gage calibrated to assure sufficient wall 
section after machining. This target and its method 
of use is shown in Fig. 12. This type gage plus a “go 
and no go” for flange diameter has proven quite satis- 
factory for normal production operation control. 

There has been some tendency to elaborate on in- 
spection work by more elaborate proving gages such 
as is shown in Fig. 13, 14, 15 and 16. However, from 
a production standpoint, their use is entirely too time 
consuming. It is possible that to provide a check for 
quality control charts they may serve a worthwhile 
investment. 

One-piece differential gear cases of the type shown 
in Fig. 17 follow the same checking and proving as 
previously described as being used on differential 
carriers. Figure 17 shows the method used to check 


Fig. 20—Inspection fixture for gear case. 





Fig. 21—Hub and gage for eccentricity. 
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the position of the core up and down as in the mol. 
It will also be noted that a flange thickness gage is in- 
cluded with the core set gage. 

The straightening of gear cases may be somewhat 
simplified if the flange outside diameter is in that pant 
of the mold opposite the body of the casting. Figure 
18 shows a die that has proven quite satisfactory. Th: 
entire effort to remove shift and runout being by the 
top loose pieces. This type die is rather free from the 
dirt trouble encountered when loose pieces are at the 
very bottom of a die. Figure 19 shows a further ef- 
fort to guide top die into bottom die. 

Inspection, as on the carrier, includes a periodic 
100 per cent gage operation in a fixture similar to 
customer's first operation. A rotating finger gage as 
shown in Fig. 20 is used to check eccentricity of the 





Fig. 23—Truck spring hanger. 
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Fig. 26—Gage used on truck spring hanger. 


Fig. 24 (Left) and Fig. 25 (Right)— Views of truck 
spring hanger die, with and without casting. 





end opposite the chuck jaws. 

Single flange passenger car hubs follow the usual 
pattern approval and proof procedure previously out- 
lined and due to the small amount of permissible 
“runout” or shift are checked closely in the Trim- 
ming Room for this condition as shown in Fig. 21. 
Experience has indicated that a loose piece die of the 
type shown in Fig. 22 will remove about one-half of 
the runout of a shifted casting. Here again as on the 
differential gear case the top loose pieces contact both 
cope and drag of the casting. Periodic checks are 
made at the press to assure that the die is functioning 
properly and any rejections for “runout” require im- 
mediate corrective measures. 


Fig. 27 (Left) and Fig. 28 (Right)—Typical bracket die. 


The truck spring hanger shown in Fig. 23 is one 
that requires straightening in all planes to tolerances 
of about 0.050 in. and the frame contact areas are to 
be coined to about 0.015 of flat and true 90-degree 
angle. It will be noted from Fig. 24 and 25 that loose 
pieces contact from all sides. After breaking down the 
contact areas of this type die repeatedly it was con- 
cluded that due to normal molding variations and the 
close fit that it was necessary to either mold to much 
closer tolerances than were practical or to induce our 
customer to allow some part of this casting to have 
the accumulated error from the flowing of excess 
metal in the pressing operation. Allowance for the 
displaced metal has corrected the breakdown condi- 
tion considerably. The gage used is shown in Fig. 26, 
the numerous targets and flush pins being self evident. 

Figures 27 and 28 are of a solid type bracket die 
with replaceable inserts. This type die is of the simple 
type and when it can be used provides one of the less 
troublesome types in current use. 

The materials used in the dies mentioned vary 
from low-carbon steel carburized to high-carbon alloy 
tool steels, the selection of the material being based 
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on the application. Torsion, compression, tension, 
shock and desired hardness being some of the con- 
siderations. The various angles used on the loose 
pieces are varied depending upon the pressure desired 
and the amount of effective travel desired. Serrations 
are sometimes used to provide for flow of metal on 
heavily coined areas. A large percentage of the dies 
are constructed in the plant, a small percentage being 
farmed out to local tool shops. Design is entirely by 
plant die engineers working under the supervision of 
the Finishing Superintendent. 

The gages used are developed after either the Chief 
Inspector or one of his assistants has visited the cus- 
tomer’s plant and discussed the job requirements and 
locating point of the casting involved after which a 
gage is developed to adequately gage all essential di- 
mensions. All gaging after anneal is in close proxim- 
ity to presses to minimize handling and transport, 
the number of inspectors per job being geared to 
maximum press output, 

The responsibility for the functioning of the opera- 
tions are briefly as follows: Layout and check of 
samples, design of gages, supervision of hard iron 
trim and inspection, soft iron gaging and visual in- 
spection are under the jurisdiction of the plant Chief 
Inspector who works under the Manager of Inspec- 
tion reporting to the Vice-President of Operations. 
Die design and maintenance is the responsibility of 
the Straightening Foreman who reports any poorly 
functioning die to the Die Supervisor for the neces- 
sary corrective steps. The Straightening Foreman is 
under the jurisdiction of the Plant Manager. 


INSPECTION OF MALLEABLE IRON CASTINGS 


This paper is merely a review of the practice used at 
the author’s plant on a few of the many castings pio- 
duced. There is no claim that this is the only good 
method, that the designs mentioned are the ultimate 
of perfection, or of our own design, as many of them 
contain features used by others in the industry and 


some of the features are suggestions of our customce's.” 


DISCUSSION 


Chairman: JAMEs ‘THomsoN, Continental Foundry & Machine 
Co., East Chicago, Ind. 

Co-Chairman: H. W. JouHnson, Wells Mfg. Co., Skokie, Ill. 

H. C. Srone:' I was interested in the drift the author showed 
in the bottom of the differential die. Is that a tight fitting die? 

CHARLES SCHNEIDER: ? That drift has at various times been 
made in various ways. At one time it was a one-piece drift. The 
difficulty with that was that it either goes into the opening too 
much and cannot be released, or it does not do any good. The 
most successful one that has been in use is a plumb-bob type ot 
drift that has expanding pieces. The expanding pieces serve to 
round up the inside of the pinion bore, and when the pressur« 
is released they collapse and the casting is easily removed. 

Mr. Srone: Is that drift also used to get the center line of 
the flange? 

Mr. Scuneiwer: Yes, although it is primarily to round up the 
stem if it is out-of-round. 

Mr. Stone: ‘The variations you can expect because of i 
swelled area are also to be faced with the problem of casting 
variations. 

Mr. ScHNewwer: That is a difficult problem. There is no 
question about it. If the castings have excessive variations in 
the essential dimensions that you are trying to press, there is 
very definite hardship in the maintenance of the dies. They 
cannot be expected to stand up under too severe variations. How 
ever when the variations are normal the die has to be able to 
take care of them. 

1 Asst. Works Mer., Belle City Malleable Iron Co., Racine, Wis. 

2 Asst. Chief Inspector, National Malleable & Steel Castings Co., Cleve 
land. 
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SOLIDIFICATION 


OF GRAY IRON 


By 


IN SAND MOLDS 


R. P. Dunphy* and W. S. Pellini** 


ABSTRACT 


Thermal studies of the solidification of gray irons from sand 
walls have shown that solidification proceeds in a wave-like 
fashion by the travel of “start” and “end of freeze” waves. 
Austenite dendrite “start” and “end” waves travel in sequence, 
ie. the “start” wave completes its travel to the center of the 
casting before the “end” wave begins thus creating a semi- 
solid condition through the entire casting. Eutectic formation 
proceeds by the travel of “start” and “end” waves in conjunc- 
tion; i.e., as a narrow band. In each case the “start’’ waves move 
through isothermal liquid. The effects of superheat, carbon 
equivalent and sea coal have been shown to modify the timing 
and rate of progression of the freezing waves. 


Introduction 


GRAY IRON has long been recognized as anoma- 
lous in its response to risering and _ solidification 
control practices which are applicable to other ferrous 
alloys. It has been suggested that the anomalous be- 
havior of gray iron is related to a complex solidifi- 
cation mechanism involving a wide freezing range 
and the formation of proeutectic and eutectic con- 
stituents of widely different densities. The results 
of solidification studies of gray and other cast irons 
generally have been discouraging and have failed to 
supply reliable data as to the effect of the usual 
foundry variables of pouring temperature, metal 
chemistry, section size and mold composition. Bleed- 
ing tests have been used exclusively in these studies. 

Yearley, Schauss and Martin! measured the effect of 
pouring temperature, sand variables and section size 
on the solidification rates of 114 in. and 3 in. square 
biocks of malleable iron by bleeding the castings at 
various times after casting. Schwartz? conducted a 
similar series of pour-out tests with the added feature 
of thermal measurements at the center of the casting. 
Fifield and Schaum* followed a similar procedure 
and found that bleeding of gray iron castings could 
not be accomplished after the casting had cooled past 
the liquidus temperature due to the fact that bridg- 
ing dendrites entrapped the remaining liquid and 
prevented this liquid from draining. This finding 


* Metallurgist and ** Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington, D. C. 
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suggested that bleeding techniques were not adaptable 
to measuring rates of solidification of cast irons and 
cast considerable doubt on the validity of the pour- 
out technique. Ruddle* in his recent review of solidi- 
fication concluded that the pour-out method is vir- 
tually useless for alloys having a wide solidification 
range. Ruddle based his conclusions on the results 
of Schwartz and Fifield and Schaum and also from 
his own studies of the solidification of nonferrous 
alloys. 

A discussion of the various indirect methods of 
solidification studies, such as mathematical compu- 
tation and the electrical analogue used by Paschkis, 
has been presented in a companion paper® and is 
therefore not repeated herein. 

The successful use of thermal analysis techniques 
for solidification studies of nonferrous metals by 
Ruddle and independently by this laboratory in the 
study of the solidification of steel prompted an ex- 
tension of this method to gray iron. The present 
investigation is part of a comprehensive study of the 
solidification of metals. These studies are being 
conducted by the NRL with the aim of providing 
basic information required for the solution of prac- 
tical solidification problems. 


Experimental Procedure 

The gray irons used in this investigation (Table 
1) were prepared synthetically by induction-melting 
charges of Armco iron, graphite, ferrosilicon (50% 
type), and ferromanganese in amounts calculated to 
give the desired composition. All the irons were 
inoculated with 0.50 per cent silicon as ferrosilicon 
(50%) by tapping onto the inoculant. All the heats 
were superheated to 150F (measured by immersion 
couples) above the desired pouring temperature and 
allowed to cool to the pouring temperature in the 
ladle. The sand used was a synthetically-bonded sand 
of A.F.S. Fineness No. 80 containing 3 per cent ben- 
tonite, 114 per cent dextrine, 14 per cent mogul, and 
34 per cent water. In two-cases in which 6 per cent 
seacoal additions were made the seacoal was added 
to this base sand. 

The test castings measured 30 in. high and 7 x 7 in. 
in cross-section. Details of the casting and of the 
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Fig. 1—Details of casting and location of 
thermocouples. 


gating and risering methods are shown in Fig. 1. 
The sand was molded in a 24 in. square flask which 
provided a depth of 814 in. of sand on all four faces 
of the castings. 

The course of solidification of the test castings 
was followed by observing the temperature changes 
through the thickness of the casting at its vertical 
midpoint. A series of Pt- Pt Rh 13% thermocouples 
were cantilevered from the mold wall to the center 
of the casting according to the arrangement shown 
in Fig. 1. The couples were enclosed in alundum 
insulators and sheathed in 6 mm o.p. 3 mm Lp. fused 
silica protection tubes. The metal interface tempera- 
tures were recorded by placing a sheathed thermo- 
couple at the interface so that one-half of the pro- 
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Fig. 2—Photo of general test set-up. 


tection tube was in the metal and the other half in 
the sand. An additional bare couple was placed so 
that the wires were entirely in the sand and the bare 
bead at the casting surface. The bead was coated with 
a thin layer of silica flour mold wash. This couple 
has been designated as the mold interface couple. 

The course of heating of the mold wall was fol- 
lowed by means of chromel-alumel thermocouples 
placed in the same horizontal plane as the couples 
which measured metal temperatures. The spacing 
arrangement is indicated in Fig. 1. The metal tem- 
peratures were recorded on a multipoint, automatic 
recording potentiometer, 1500 to 3000F scale with 
an accuracy of 0.25 per cent of full scale and sensi- 
tivity of 0.1 per cent. The sand temperatures were 
recorded on a similar instrument, 0 to 2500 F scale. 
The temperature recording sequence was arranged 
so that readings from individual couples were ob- 
tained approximately every 8 sec. The general ar- 
rangement of the mold and recording instruments is 
shown in Fig. 2. 


Interpretation of Thermal Data 


Detailed cooling curves for a series of tests which 
show the thermal effects of varying carbon equivalent 
are presented in Fig. 3 and 4. Such detailed plots 
are not presented for the other tests of this investi- 
gation inasmuch as they differed only in minor detaiis. 
The data from one of the cooling curves (C-13) have 

















TABLE 1 
Heat Carb. Liq. Pour. Eutectic 
No. c Mn Si P S Ni Cu Mo Cr Ti Vv Equiv. Temp. Temp. Temp. 
F F F 
C-1 2.99 0.56 1.73 0.005 0.041 0.09 0.09 0.01 0.05 0.01 ante 3.57 2275 2600 2105 
C- 3.63 0.54 1.50 0.007 0.037 0.05 0.06 0.01 0.06 0.01 éi%0 4.13 2134 2500 2114 
C-7 2.93 0.63 1.70 0.015 0.033 0.05 0.10 0.01 0.05 =e ore 3.50 2280 2500 2115 
C-8 3.39 0.51 1.41 0.019 0.034 0.02 0.03 0.01 ee. «es ree 3.86 2215 2300 2110 
Cc-9 3.74 0.42 1.05 0.011 0.033 0.05 0.08 0.01 0.05 — paths 4.09 2165 2295 212 
C-10 3.91 0.50 1.33 0.014 0.033 0.04 0.07 0.01 0.04 Pause ids 4.45 2300 2110 
C-12 3.66 0.52 1.44 0.017 0.041 0.02 0.04 0.01 002 .... tees 4.14 2158 2300 2119 
C-13 3.04 0.53 1.39 0.014 0.046 0.02 0.05 0.01 0.03 haat rage 3.50 2286 2500 2109 





C-14 3.30 0.55 1.69 0.017 0.035 0.02 0.04 0.01 0.02 acai hes 3.86 2215 2500 2105 
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Fig. 3—Cooling curves of castings poured at 2300 F. 
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Fig. 4—Cooling and gradient curves of casting C-13 
poured at 2500 F. 
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been replotted as thermal gradients in Fig. 4 for the 
purpose of detailing the general procedure followed 
in the interpretation of the thermal data of all tests 
reported. 

The cooling and gradient curves show that the 
sequence of events during the solidification of hy- 
poeutectic irons consists of the removal of superheat, 
formation and growth of dendrites, and the begin- 
ning and end of eutectic solidification. —The sequence 
is shown by the times at which the various space 
positions in the casting reach the liquidus (start of 
austenite dendrite formation), the eutectic start-of- 
freezing and eutectic end-of-freezing temperatures. 


Austenite Dendrite Formation 


The start of austenite dendrite formation was 
taken as the time when a significant drop (2 F) below 
the liquidus hold was observed; the end of austenite 
dendrite formation, as the time an approach to 
within 2F of the eutectic hold was reached; the 
start of eutectic formation, as the time a drop to 
2 F below the eutectic hold occurred. The choice of 
a 2F approach or deviation from the “hold” tem- 
peratures was necessitated by the difficulty of ob- 
serving a point of merger for curves which approach 
or deviate asymptotically. The errors involved are 
small and of no practical significance. The end of 
eutectic formation was taken as a “technical solidus” 
temperature set at 20 F below the eutectic hold. The 
choice of this temperature in favor of an absolute 
solidus temperature was made because of the in- 
herent difficulty of determining thermally the dis- 
appearance of the very last films of liquid. The 20F 
range of eutectic solidification was based on the best 
available information for irons of the silicon contents 
used in these studies.® 

The method of taking the point of final solidifi- 
cation as the temperature at which delayed cooling 
was no longer observed on the inverse rate cooling 
curve of the central couple (the method used in the 
companion investigation of steels) > was not followed 
because of microstructural and thermal indications 
of marked undercooling of the last pools of liquid 
which solidify at the center section. The temperature 
indicated by this method would thus not be repre- 
sentative of the solidus temperature of the remainder 
of the casting. Actually, the temperature differences 
in end points involved in the choice of these various 
temperatures are small. 

For all practical purposes the choice of the end 
point based on the end of the eutectic solidification 
range is justifiable as the point at which technical 
solidity is attained; i.e., as a point which at most will 
be in error to the extent that remaining films of 
liquid are not recognized. Such a procedure is com- 
monly resorted to in the study of reaction kinetics. 
S-curve studies similarly ignore last traces of trans- 
formation, 

Discussion and visualizations of solidification events 
are very much simplified by recognizing the wave-form 
progression through the casting of the various cycles 
of transformation which occur during solidification. 

The first event to be noted from the thermal 
curves of Fig. 3 and 4 is the rapid elimination of 
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superheat during which time the thermal gradients 
through the casting except in the immediate vicinit, 
of the surfaces are relatively mild. During the time 
superheat is removed the liquid in contact with the 
mold wall is cooled below the liquidus temperature 
resulting in the formation of austenite dendrites at 
the casting surfaces. The initial formation of den- 
drites represents the initiation of the “dendrite start 
wave.” The necessity for the removal of the latent 
heat of fusion accompanying the formation of the 
dendrites produces a thermal block* which prevents 
the interior of the casting from cooling below the 
liquidus temperature until reached by the “dendrite 
start” wave. Essentially isothermal conditions are 
therefore developed throughout the liquid portion 
of the casting. This condition is frequently called 
the liquidus “hold.” 

During the period of superheat removal a solid 
skin is in no sense developed at the mold surface. 
Actually only a fraction of the total amount of 
dendritic solid which can form at the surface is 
developed. This is indicated by the gradient curves 
of Fig. 4 which show that at 6 min when all of the 
superheat is dissipated, the surface temperature is 
as yet only slightly below the liquidus. 

Following the removal of superheat a wave-like 
progression of initial freezing moves through the cast- 
ing. It is noted that initial freezing extends to the 
center of the casting in approximately 11 min at 
which time the surface temperature indicates that 
approximately half of the total amount of austenite 
dendrites which may form has actually solidified at 
the surface. It is not until approximately 36 min 
have elapsed that the formation of the dendrites is 
completed at the surface. This point represents the 
development of the “dendrite end” wave which in 
turn progresses gradually through the casting. It is 
thus evident that a mushy condition is developed 
through the entire casting consisting of a lacework 
of austenite dendrites in liquid. Solidification is 
progressive in a sense that the amount of solid is 
higher nearer the surface. A solid skin is, however, 
not developed during the greater part of the austenite 
dendrite formation period. The mechanism of solidi- 
fication during this period is similar to that shown 
for the solidification of steels against sand walls in 
the companion investigation®. 


Growth of Austenite Dendrites 


The growth of the austenite dendrites results in 
carbon enrichment of the interdendritic liquid and 
both growth and enrichment continue until the eu- 
tectic temperature is reached. It is noted from the 
36 to 50-min gradient curves of Fig. 4 that eutectic 
freezing occurs at the surface immediately after the 
end of dendrite formation at the surface. Thus, for 
a short distance the “dendrite end” wave is followed 
immediately by the “eutectic start” wave and both 
waves moving out togethvr. 

The solidification of eutectic which occurs at po- 


*Ref. (5) gives a detailed description of the mechanism by 
which a thermal block is developed. 
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Fig. 5—Progression of solidification for castings 
poured at 2500 F. 


sitions close to the surface following the passing of 
the “eutectic start” wave provides a condition of 
thermal block, since the temperature at the casting 
surface cannot drop below the eutectic range (2109 
to 2089 F) until all of the eutectic liquid at this point 
is solidified. The time delay required for solidifi- 
cation of the near-surface eutectic slows down the 
initially rapid progression of the “eutectic start” 
wave drastically. 

The thermal block occasioned by eutectic reaction 
cannot, however, prevent the completion of dendrite 
formation since this reaction occurs at temperatures 
above the range of eutectic formation. Thus, the 
“dendrite end” wave continues to completion render- 
ing the central portion of the casting isothermal at 
the eutectic reaction temperature. During this in- 
terval the “dendrite end” wave therefore moves away 
from the “start of eutectic’ wave to complete its cycle 
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Fig. 6—Progression of solidification for castings 
poured at 2300 F. 


to the center of the casting. The travel of the “end 
of dendrite” wave at this stage is rapid because of 
the advanced state of dendrite formation throughout 
the casting. 

The advanced state of dendrite formation is indi- 
cated by the mildness of the gradients which exist 
through the central region of the casting at the time 
(50 min) of separation of the “dendrite end” and 
“eutectic start” waves. 

Following the completion of dendrite formation 
eutectic solidification gradually proceeds through the 
casting. Eutectic formation does not occur over the 
entire casting as in the case of dendrite formation but 
proceeds instead as a solidification band; i.e. with 
travel of “start” and “end” waves in conjunction. 
The width of this band is approximately 34 in. The 
narrow temperature range of eutectic formation in 
contrast to the broad temperature range of dendrite 
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formation is believed responsible for the different 
modes of solidification. 


General Features of Solidification—Effect of Variables 


The significant features of the solidification of 
irons which have been discussed in detail in the 
previous section may be represented in a concise 
graphical form by plotting the progression of the 
various solidification waves from the mold wall to 
the center of the casting. Figures 5 and 6 present the 
results of various tests plotted in this fashion. These 
tests include a variety of irons ranging from eutectic 
to strongly hypoeutectic poured from high and low 
superheat temperatures. 

Certain general solidification characteristics of these 
various irons deserve recognition. It is noted that 
each of the four separate solidification waves have 
remarkably similar shape and rate of travel in all of 
the tests. It is apparent from this that the effects of 
carbon equivalent and superheat are primarily re- 
flected in time displacements of the waves. 

Effect of Superheat—The time displacement effect 
of superheat is readily apparent from Fig. 7 which 
presents superimposed plots for four hypoeutectic 
irons poured at four levels of superheat. Casting C-8 
poured with a minimum of superheat (85 F) shows 
that the “dendrite start” wave develops immediately 
after pouring without significant delay. Casting C-14 
of the same carbon equivalent, as indicated by iden- 
tical liquidus temperatures, which was poured with 
285 F superheat, shows a time delay of approxi- 
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Fig. 7—Progression of solidification as influenced 
by superheat. 
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Fig. 8—Effect of sea coal on progression of 
solidification. 


mately 10 min for the “dendrite start’ wave. As 
discussed in the previous section this delay represents 
the time required or the dissipation of superheat. 
Castings C-13 and C-1 representing hypoeutectic irons 
of slightly lower carbon equivalents poured with 214 
and 325 F superheat respectively indicate similar delay 
effects. 

The effect of the initial delay of the “dendrite 
start” wave is reflected in time displacements of each 
of the subsequent solidification waves. The time 
displacement of the following waves is, however, 2 
to 3 times greater than the initial time displacement 
of the first solidification wave indicating a general in- 
crease in the total times involved in the travel of the 
waves across the casting. Thus, the final solidification 
time is increased considerably more than would be 
expected from a single initial delay in the start of 
solidification. 

The effect of superheat in introducing an initial 
delay to the start of solidification of irons is exactly 
analogous to the effect of superheat on the solidifi- 
cation of steels®. The effect of increasing the time for 
completion of solidification is likewise shown for 
steel. Basically, these related effects may be traced 
to the initial heating of the mold occasioned by the 
flow of superheat, so that solidification proceeds not 
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with an initially cold mold wall, but with a mold 
wall preheated by superheat. 


Effect of Carbon Equivalent—The relative solidifi- 
cation characteristics of irons of various carbon equiv- 
alents poured from commonly used (2500F) and low 
(2300 F) temperature levels are shown in Fig. 5 and 6. 

Analysis of these data requires a consideration of 
two interacting effects: (1) the effect of superheat 
level which has been shown to introduce an initial 
delay to the start of solidification and then to slow 
down completion of solidification and (2) the effect 
of varying the relative amounts of the proeutectic 
constituents of the casting by variations of com- 
position. 

It is noted that the time interval between dendrite 
“start” and “end” curves is reduced as the total 
amount of the dendrite phase is decreased. The time 
required for eutectic solidification at any given 
position, however, increases with decrease in dendrite 
solidification time. The total time elapsed between 
start of solidification and final freezing at any given 
position in the casting does not vary significantly with 
variation in composition. Thus the decreased time 
required for the dendrite formation of near-eutectic 
irons is almost exactly made up by somewhat longer 
times for eutectic solidification. The effect on final 
solidification times resulting from pouring irons of 
various carbon equivalents from a fixed temperature 
is therefore primarily due to superheat delay. At low 
pouring temperature levels (the 2300F series) the 
effect of superheat occasioned by variations of carbon 
equivalent is small and it is noted that complete 
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solidification is reached in approximately the same 
time by the eutectic and the two hypoeutectic irons. 
At commonly used pouring temperature levels (the 
2500 F series) the effect of superheat due to variations 
of carbon equivalent becomes more pronounced, i.e., 
an increase in final solidification time follows an in- 
crease in carbon equivalent. The total difference is, 
however, not large; being in the order of 10 per 
cent. Comparison of the 2300 F versus the 2500 F 
series, shows, however, that change of pouring tem- 
perature level has a marked effect. The various com- 
positions poured at 2300 F solidify in approximately 
85 min while similar range of irons poured at 2500 F 
require approximately 110 min to solidify, an increase 
of 25 per cent. 

Effect of Sea Coal—The effect of sea coal is shown 
in Fig. 8 by comparing castings C-9 and C-12 poured 
at 2300 F and C-13 and C-7 poured at 2500F. The 
relative positions of the solidification waves indicate 
that sea coal increases the rate of progression of 
solidification over the entire course of solidification. 
Comparison of the castings poured with high super- 
heat shows superheat is eliminated rapidly in the 
presence of sea coal; i.e. the time delay of the start 
of freeze wave occasioned by superheat is approxi- 
mately halved by sea coal. Comparison of the times 
for the formation of dendrites and eutectic solidifi- 
cation indicates that sea coal is effective during the 
entire solidification cycle in decreasing the time of 
solidification at all positions in the castings. The 
cumulative effect is a decrease in final solidification 
time in the order of 15 per cent. The increased rate 
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Fig. 9—Thermal course of mold walls during solidification. 
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of progression of solidification occasioned by sea coal 


must necessarily indicate increased rate of heat re- 


moval by the sea coal sand. 


Thermal Course of Mold Walls 


Temperature-time curves for the mold walls of cast- 
ings poured at 2500 F and 2300 F in the base synthetic 
sand and the sea coal containing sand are presented 
in Fig. 9. Analysis of these data shows that sea coal 
sands consistently maintain temperatures lower than 
the base sand when high pouring temperatures are 
employed and an opposite effect when the pouring 
temperature is low. In view of the extremely limited 
information available on the nature of distillation 
and mold gas reactions occurring in the presence of 
sea coal it is impossible to rationalize the significance 
of these data in terms of the contribution of sea coal 
to the thermal properties of the mold. Direct evalu- 
ation of relative heat transfer rates from thermal 
gradient curves is not possible when the heat transfer 
medium undergoes complex endothermic or exother- 
mic reactions consequent to the flow of heat by con- 
duction. The behavior of sea coal during the solidifi- 
cation of castings is evidently complicated and merit- 
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ing of further research. 

The general features of the thermal course of the 
base synthetic sand during the solidification of the 
various irons are similar to the features which have 
been noted for this same sand during the solidifi- 
cation of steels*. The temperatures at corresponding 
distances from the interface at the same times are 
lower for the irons as should be expected due to th: 
lower pouring temperature and range of solidification 
of irons. The depth to which the sand is heated to 
the 212 F water-to-steam hold at the time of complet 
solidification, is, however, greater for the irons. This 
is believed to be due primarily to the much greate: 
times required for complete solidification. The 6 in. 
sand position for the four castings of Fig. 9 reaches 
212F considerably in advance of the time of final 
solidification of these castings (85 to 105 min). While 
no data were obtained for positions closer to the flask 
it is evident that the 212 F hold extends beyond the 
6 in. position and likely approaches the flask at the 
time of complete solidification. 

Macro- and Microstructures—Sections from the cast- 
ing at a plane immediately above the thermocouples 
were hot acid etched to determine macrostructural 


Fig. 10—Typical microstructures of surface and center of two test castings, C-9 (left) and C-13 (right). Top 
photos—surface: Bottom photos—center. Mag. 100x. 
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characteristics. In general high superheat produced 
coarse dendritic structures, whereas low superheat, 
and the addition of sea coal produced finer structures. 
Ordinarily the dendrites near the surface were fine, 
closely spaced and approached a columnar orienta- 
tion. While those in the center were fewer in number, 
larger and randomly oriented. As the composition 
approached the eutectic the deudrite pattern is lost. 

The microstructure varied from Type A graphite 
in the castings of high carbon equivalent to Type D 
in the low carbon irons. The change in flake size 
from surface to center indicated some undercooling 
in the geometric center of the castings. The matrix 
structures were for the most part pearlitic with in- 
creasing amounts of ferrite from the surface to the 
center. Typical microstructures of the surface and 
center of one of the castings are presented in Fig. 10. 


Acknowledgment 


The authors wish to express their appreciation for 
the many helpful discussions with Dr. Marzke, Super- 
intendent of the Division and the assistance extended 
to them by H. F. Bishop, F. A. Brandt, T. W. Snod- 
grass and E. T. Myskowski. The assistance of the 
Metallographic section of the Laboratory in preparing 
the photomicrographs is likewise appreciated. 


Bibliography 


1. B. C. Yearley, R. P. Schauss, P. A. Martin, A.F.S. TRANsAc- 
rions, vol. 52, pp. 483-498 (1944). 

2. H. A. Schwartz, A.F.S. Transactions, vol. 55, pp. 66-67 
(1947). 

3. J. E. Fifield, J. H. Schaum, A.F.S. TRANsAcTIONS, vol 56, 
pp. 382-388 (1948). 

1. R. W. Ruddle, “The Solidification of Castings,” Institute 
of Metals: Monograph and Report Serics No. 7 (1950). 

5. H. F. Bishop, F. A. Brandt, W. S. Pellini, “Solidification 
of Steel Against Sand and Chill Walls,” A.F.S. TRANSACTIONS, 
vol. 59 (1951). Preprint No. 51-21. 

6. E. S. Greiner, J. 5. Marsh, B. Stoughton: Alloys of Iron 
and Silicon, Alloys of Iron Monographs, McGraw-Hill, 1933. 


DISCUSSION 


Chairman: H. A. ScHwartz, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 

H. A. Scuwartz (Written Discussion):* In the paper the 
authors introduce us to a concept of a “heat block” in the zone 
where eutectic freezing is going on. This results in a concept of 
an isothermal plane, for example in Fig. 5, between the region 
where austenite is all frozen and that where eutectic freezing 
begins. 

This commentator has some hesitancy in believing this to be 
truly an isothermal surface and hopes that the following com- 
ment may not be regarded as purely metaphysical. 

Any point within the casting is originally above the eutectic 
freezing point. Presently there is formed a boundary between it 
and the surface where the eutectic freezing point is maintained 
as postulated by the authors. Heat transfer within the region of 
liquid eutectic is still possible until all temperature gradients 
vanish, which takes time, in theory infinite time. 

In finite time there must remain some small gradient and our 
point is still, very slightly it is true, above that of the freezing 
eutectic. 

rhe horizontal lines of Fig. 4 are not actually horizontal but 
slope minutely downward with increasing time. 

rhe 2° F limit set by the authors as the criterion of the small- 
est temperature change which can be recognized was purely 
arbitrary and the smallest to be detected by their, or probably 
any other, method. 


1 Manager of Research, National Malleable & Steel Castings Co., Cleveland. 
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The lines of Fig. 4 are thus not curves of very short radius 
tangentially approaching the eutectic melting point but curves 
of long radius reaching the eutec:ic temperature near the end 
of what appears to be a horizontal line. The authors may 
have had this in mind when they referred to an asymptotic ap- 
proach. Obviously a line approaching another asymptotically 
reaches it only at infinity. 

his discussion would have no significance did it not alte: 
Fig. 5. If it be accepted it renders meaningless the lines “Den- 
drite End.”” These are merely the arbitrary loci of the time space 
relation when a given temperature was passed. 

Perhaps these omissions would improve the discussion as pre- 
venting the need of explaining why there must not be continued 
slow dendritic freezing until the eutectic begins to freeze. 

The author's discussion in the third paragraph of the section 
“Austenite Dendrite Formation” seems to indicate an apprecia- 
tion that the eutectic has frozen when the horizontal portion of 
the curve has ceased to exist and a dip in temperature begins. 

Mr. Dunpny: Dr. Schwartz’s viewpoint with respect to the 
existence of an isothermal plane during the liquidus and eutectic 
“holds” is certainly appreciated. The experimental observation 
that an isothermal plane does exist is of course dependent on 
the sensitivity of the thermometry. We recognize that an abso- 
lute isothermal condition is approached only gradually and 
asymptotically. Additional experiments were conducted using an 
automatic recording potentiometer having increased accuracy and 
sensitivity (0.4°F) to illustrate this point. The experiment re- 
produced the isothermal plane phenomenon at the eutectic tem 
perature found with instruments of lesser accuracy. Thus, 
from a practical standpoint an isothermal condition is in fact 
developed. Deviations from an absolute isothermal condition in 
the order of 0.4°F or less are entirely possible. 

The 2°F approach or deviation to the “hold” temperature was 
chosen arbitrarily and represents a question of absolute vs prac 
tical end points. From a physical, or solidification, standpoint 
this means that the curves indicate essential “completion” o1 
“start” rather than an absolute 100 per cent in a r.anner simi- 
lar to the classical methods used in “S-curve” studies of steel 
transformations. Use of the term, “technical end point,” in the 
text emphasizes this fact. 

V. Pascukis (Written Discussion):* This paper is of consider- 
able interest because of the many temperature data on the solidi 
fication of gray iron contained therein. Inasmuch as the writer 
is mainly interested in the possibility of computing solidification 
of various metals this discussion will emphasize the thermal 
aspects of the paper. 

Ihe authors use, as in some former publication of theirs, the 
term “thermal block.” This term is used, it seems to the writer, 
for two different things: for a high thermal resistance and for a 
heat source at one point in the system which delays the heat flow 
from a different point of the system. Although some results of 
one “thermal block” are similar to those obtained by the other 
type of “thermal block,” it is well to distinguish between those 
two types. 

Looking at Fig. 3 and 4 (left half of the Fig.) it seems some- 
what surprising that there is almost no temperature gradient 
from the center to the casting to a point 14 in. from the inter- 
face and then quite a sharp gradient from there to the interface. 
Such behavior is hard to explain and raises the question of 
accuracy of the temperature measurements at and near the inter- 
face. Reference is made particularly to the time from 30-40 
min in the case of C-8, the time from 25-45 min in case of C-9, 
the time from 8-12 min in the case of C-10, and the time from 
10-60 min in the case of C-13. 

The temperature gradient curves as shown in Fig. 4, right, 
can be explained only by the existence of heat sources in the 
metal which are active even after the temperature has dropped 
far below the liquidus range. In the case shown, heat sources 
must have been active at a distance from 3.5 in. to 2.75 in. from 
the interface until approximately 102 min when this region had 
a temperature slightly above 2100 F. 

Knowledge of the heat sources (heat of fusion or heat of re- 
action) would be of interest from two aspects: 

1. It may give information on metallurgical happenings in 
the solidifying casting and explain crystal growth which occurs. 

2. This knowledge could serve as essential basis for later cal- 


2 Technical Director, Heat and Mass Flow Analyzer Laboratory, Columbia 
University, New York. 
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culations of solidification of gray iron. 

The strength of the heat source may well be a function of 
temperature. Curves as shown in the paper could be used to 
determine on the electric analog computer the strength of the 
heat sources as function of temperature, provided the following 
data are known: thermal properties (conductivity and specific 
heat) of the solid and the liquid iron and the thermal properties 
of sand. 

In the section on “Effect of Superheat” the term “superheat” 
is used apparently to indicate the temperature difference between 
the pouring temperature and the liquidus. But in the first sec- 
tion, on “Experimental Procedure” it is said that the iron was 
“superheated” and this time the term refers to a temporary 
raising of temperature with a subsequent cooling prior to pour- 
ing. It would be well to state clearly the difference between 
those two meanings, and preferably to use different terms. 

The authors state in their section on “Temperature Distribu- 
tion in the Mold Wall” (they speak of “thermal course of mold 
wails”) of the influence of sea coal on the solidification pattern 
and on the temperature distribution in the mold. They sur- 
mise, probably correctly, that the difference of thermal behavior 
between sea coal sand and synthetic sand may be ascribed to 
chemical reactions in the sea coal sand. It should be noted that 
the heat of reaction of the sand can be found by means of analog 
computer experiments in a similar way as is done in the paper 
“Heat Flow in Moist Sand” published in this volume. In order 
to determine the heat source by means of the analog computer, 
it would be necessary to have a set of temperature observations 
in the sea coal sand under specified conditions. 

For the sake of accuracy in the experimental work as well as 
of simplicity in computation, it would be desirable that the 
“specified conditions” would be those of application of a con- 
stant temperature to the hot surface of a large slab of sand. 
The outer surface of the sand could be held by a steel plate 
representing the “flask.” Inasmuch as a constant temperature at 
the hot surface may not be too easy to obtain experimentally, 
it is conceivable to change the condition to those of placing a 
heavy hot steel block against the sand slab. 

Whatever the conditions are, it is important that both the 
simplicity of calculation and the accuracy of the original experi- 
ment be taken into consideration when planning. 

Mr. Dunpuy: The term “thermal block” has been used only 
to indicate a heat source, i.e., heat of fusion, and not a high 
thermal resistance. The release of fusion heat at the liquidus 
temperature and/or the eutectic temperature delays the cooling 
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of the central portions of the casting resulting in the isothermal 
“holds.” 

The question of interface temperature accuracy has been real- 
ized as a serious experimental difficulty inasmuch as it represeiits 
a measurement of temperatures in a plane of “no width” with 
detecting devices of finite size. The problem of positioning the 
thermocouple bead in regions of sharp temperature gradient 
was recognized also and care was accordingly exercised to ensure 
accuracy. 

Dr. Paschkis’ reference to heat sources active in the central 
regions of the casting as being responsible for the eutectic “hold” 
is not in keeping with our views that the “hold” is a result of 
the movement of solidification waves through the casting which 
produces a thermal block. The heat source is, therefore, heat 
of fusion arising from eutectic solidification in the band of 
active solidification, not throughout the casting. 

C. O. Burcess:* Work of this kind can be of great practical 
importance. For example, the spread between the end of den- 
dritic formation and the beginning of freezing in a given iron 
and increase in this spread with carbon equivalent or perhaps 
more properly with superheat, may explain difficulties in getting 
sound castings in heavy sections using a very high carbon 
equivalent gray iron. 

The work with seacoal indicates how such a condition might 
be cured simply by changing sand mixtures. It should be 
stressed that certain of the work that Pellini and Dunphy have 
done gives us a new insight and some practical answers to the 
problem of obtaining sound castings. 

Mr. DunpeHy: With regard to Mr. Burgess’ comments we 
certainly hope that these solidification studies will help solve 
some of the many anomalies in gray iron shrinkage characteris- 
tics. The particular point raised by Mr. Burgess concerning the 
effect of superheat in aggravating shrinkage characteristics of 
high carbon equivalent irons cannot be answered categorically 
by simple examination of the timing of the various solidification 
waves as affected by superheat. The fact that higher superheat 
results in greater liquid shrinkage is likely the significant feature 
involved in the occurrence of such porosity. The interesting 
effect of seacoal in erasing to some extent the effect of superheat 
and speeding up the solidification process in general certainly 
has practical application, for example, in establishing directional 
solidification in castings of intricate design. 


+ Technical Director, Gray Iron Founders’ Society, Inc., Cleveland. 
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SOLIDIFICATION OF STEEL AGAINST SAND AND CHILL WALLS 


By 


H. F. Bishop,* F. A. Brandt* and W. S. Pellini** 


ABSTRACT 


Thermal studies of the solidification of steel from chill and 
sand walls have shown that solidification proceeds in wave-like 
fashion by the travel of “start” and “end of freeze” waves. The 
thermal characteristics of the mold walls determine the rate 
and mode of travel of these waves. In the case of the chill walls 
which remove heat at a high rate the two waves travel in con- 
junction thus creating a band of freezing which proceeds to 
completion through isothermal liquid. In the case of sand walls 
which heat at relatively low rates the process is distinctly dif- 
ferent in that the “start of freeze wave” completes its travel 
through isothermal liquid separately creating a semi-solid con- 
dition which extends through the entire casting. The effects of 
wall thickness and superheat of the metal have been shown to 
modify the timing and rate of progression of the freezing 
waves. 


Introduction 


THE PROBLEM OF CONTROLLING the solidification 
of castings in order to produce soundness together 
with high yield.is of primary importance to the 
foundry field. Accordingly much of the research being 
conducted by foundry groups has been aimed at this 
problem and important advances have been made. 
Continued advance in this field is, however, hindered 
by a lack of basic information concerning the true 
nature of the solidification of metals. In spite of the 
considerable amount of research performed we still 
do not know, except in a qualitative sense, the con- 
tribution to solidification of such factors as mold 
materials, metal characteristics, superheat, mold geom- 
etry, etc. 

Any solution, even partial, to such a broad and 
complex problem requires an extensive program of 
research aimed at isolating in turn each of the sev- 
eral variables for exacting study. The present report 
presents the results of the first of a series of investiga- 
tions at NRL aimed at providing basic information 
prerequisite to the solution, of solidification problems. 

Inasmuch as the solidification of castings proceeds 
from mold walls by a process of heat extraction it is 
essential that the basic features of wall solidification 
as a function of the thermal properties of the mold 


* Metallurgist and ** Head, Metal Processing Branch, Metal- 
lurgy Division, Naval Research Laboratory, Washington, D. C. 


wall be understood. Thus, the first and most ele- 
mental question to be resolved concerns the nature 
and course of solidification from mold walls of widely 
different thermal: properties and heat capacity. As a 
first approach in resolving these questions, studies 
were made of the solidification of steel from the simple 
plane walls of four-sided molds. The mold walls in- 
vestigated included the two extremes utilized in prac- 
tical foundry operation—chill (iron) and sand. These 
were varied over a range of thickness; the sand in 
addition was varied from green to dry. The contri- 
bution of superheat was also investigated. 

The exact nature of wall solidification may be ex- 
pected to vary in degree depending on the geometry 
of the mold. This factor must be considered as an 
associated variable serving to modify but not change 
in kind the basic characteristics of wall solidification 
for any given metal. Studies of the modifications of 
wall solidification associated with changes in mold 
geometry must necessarily follow as a second approach 
to the overall solidification problem. Such studies are 
underway. 

The relative lack of quantitative experimental data 
on solidification may be ascibed in part to the choice 
of methods used in past investigations. Four methods 
have been used; these are. 


Indirect Methods (1) Mathematical computation. 
(2) Electrical Analogue. 

(3) “Pour-Out” or “bleeding.” 
(4) Temperature measurement. 


The indirect methods rely on data of the thermal 
properties of metal and mold which in many cases 
are either not available or unreliable. The mathe- 
matical method is exceedingly cumbersome and its 
results are generally suspect because of the simplify- 
ing assumptions required. The electrical analogue 
method has a great advantage of flexibility and its 
potentialities have been clearly indicated in a series 
of investigations by Dr. Paschkis under sponsorship 
of the American Foundrymen’s Society. 

The “pour-out” method has been the most widely 
used. It is, however, a tool which gives only approxi- 
mate information. In the case of many alloys with 
wide solidification ranges such as irons the method 


Direct Methods 
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will not work at all; in cases of alloys with intermedi- 
ate solidification ranges, the information may be mis- 
leading. 

Temperature measurements have not been used to 
any appreciable extent except to record final solidif- 
cation at the center of castings. This method pro- 
vides exacting information for all types of metals, 
with wide or narrow solidification ranges and was 
adopted in the present program of investigation to 
follow the entire course of solidification from surface 


inward. 
Experimental Procedure 


The test castings used for both the chill and sand 
wall studies were of square cross-section, 20 in. high, 
tapering from 714 in. square at the top to 634 in. 
square at the bottom. These castings were poured 
with induction furnace steel having a nominal analy- 
sis of 0.60 per cent carbon, 0.50 per cent mangan- 
ese, and 0.30 per cent silicon with 0.10 per cent 
aluminum added to the ladle. The chill mold cast- 
ings were surrounded on the four vertical sides by 
gray iron walls of uniform thickness. Feeding was 
provided by risers 7 in. in diameter and 12 in. high. 
The sand castings were surrounded by sand walls of 
uniform thickness and molded in special flasks made 
of Y4-in. thick steel plate. Feeding was provided by 

_ risers 9 in. in diameter and 12 in. high. All castings 
were bottom-gated through a sprue molded in a sep- 
arate flask. Figure 1 shows details of a sand mold, 
thermocouples, and recorders ready for a test. The 
same general arrangement was used for the chill mold 
studies. 





Fig. 1—Photo of test assembly. 


The chills used were gray iron while the sand molds 
were made of an A.F.S. No. 80 silica sand containing 
3 per cent water, 3 per cent bentonite, 0.5 per cent 
cereal and 1.5 per cent dextrine. 

Temperatures were measured across both the cast- 
ing and the mold in a plane at the midheight of the 
casting. At this position bottom and riser gradients 
were essentially eliminated and solidification could 
be considered undirectional; i.e., as growth of a solid 
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skin in a direction perpendicular to the vertical mold 
surface. Steel temperatures were measured by means 
of Pt-Pt Rh (13%) thermocouples enclosed in 14-in. 
op, 4,-in. 1p quartz tubes which extended completely 
through the casting and mold (Fig. 2) parallel to and 
at varying distances from a reference mold wall. All 
hot junctions were immersed equally in 3% in. of 
steel and thus temperature inaccuracies due to cun- 
ductivity losses along the thermocouple wires were 
minimized. The 14-in. op quartz tubes were the small- 
est which could protect the thermocouples from the 
erosive action of the metal and even these softened to 
some extent and were bowed upward by the bouyant 
force of the liquid steel. X-ray examination of sec- 
tions containing the tubes showed however that the 
deformation was never more than an inch and was 
entirely in the vertical plane so that the beads main- 
tained the correct alignment with respect to the inter- 
face. 
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Fig. 2—Sketch showing thermocouple locations. 


Chill mold temperatures were measured with chro- 
mel-alumel couples flash welded to the bottoms of *%.- 
in. diameter holes which were drilled perpendiculai 
to the chill wall to the desired distance from the in- 
terface. These were grouped about the plane of the 
casting couples. Sand mold temperatures, except at 
the interface, were also measured with chromel-alumel 
couples. These thermocouples were unprotected and 
molded horizontally in the sand parallel to the cast- 
ing surface. Interface temperatures were measured on 
both the casting side and the mold side of the inter- 
face. 

The temperature on the casting side of the inter- 
face was obtained in the same manner as the other 
metal temperatures with the quartz tube containing 
the couple placed adjacent to and extending across 
the mold surface. In this case a protection tube of 
only \,-in. op afforded adequate protection for the 
couple because of the faster freezing of the metal at 
the interface. The interface temperature on the mold 
side in the chill tests was obtained by first drilling a 
hole through the chill until the point of the drill 
pierced the inside surface. The bead of the chromel- 
alumel couple was flash welded into this opening, 
effectively plugging the hole, and then covered with a 
thin silica wash. No wash was used on the chills ex- 
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Fig. 3—Superheat series. Temperature cycles at various locations in casting and chill. 


cept at this point. The natural oxide coating of the 
“as-cast” surface of the chill walls served to prevent 
the casting from fusing to the chill. 

The interface temperature of the sand mold was 
obtained by locating a Pt-Pt Rh (13%) thermocouple 
junction, again protected only by a silica wash, at the 
sand interface. For a distance of 3 in. from the junc- 
tion, this thermocouple was molded parallel to the 
casting interface so that it would become heated by 
the surrounding sand and thus minimize conductivity 
losses along the wires. 

The platinum and platinum-rhodium wires were 
26 gage—the chromel and alumel wires 28 gage. The 
casting temperatures were recorded on a 16 point 
automatic potentiometer recorded 1500 to 3000 F 
scale with an accuracy of 0.25 per cent of full scale 
and a sensitivity of 0.1 per cent. The sand tempera- 
tures were recorded on a similar instrument 0 to 2500 


F scale. These instruments permitted sequential tem- 
perature readings from 16 thermocouple stations with- 
in 30 sec. Since in the majority of tests there were 
not over eight couples attached to each instrument, 
readings were obtained from each thermocouple on 
15-second cycles. 


Characteristics of Solidification from Chill Walls 


Temperature Distribution in Casting and Mold—Fig. 
3 and 4 show the temperature cycles at various loca- 
tions in the casting and chill walls during the solidi- 
fication process. These data are replotted in Fig. 5 
and 6 to show the thermal gradients from the casting 
centerline to the outer edge of the chill wall at vari- 
ous times after pouring. Figures 3 and 5 illustrate the 
thermal effects resulting from increasing superheat 
and Fig. 4 and 6 of increasing mold wall thickness. 

The “liquidus” temperatures indicated in Fig. 3 to 
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Fig. 4—Chill thickness series. Temperature cycles at various locations in casting and chill. 
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Fig. 5—Superheat series. Thermal gradients in casting and chill. 


6 represent the temperatures at which the thermal 
arrest Occurs upon cooling. The “solidus” tempera- 
tures represent a “technical solidus” which is the tem- 
perature, indicated by inverse-rate cooling curves, 
where delayed cooling resulting from the liberation 
of heat of fusion is no longer observed. The ‘“‘tech- 
nical solidus” indicates essential solidity, except for 
possible thin films of interdendritic liquid meta! the 
solidification of which cannot be detected thermally. 


Thermal Course of Chill Walls—Two variables were 
considered in investigating the thermal course of 
chill walls (1) the relative thermal capacity of the 
chills resulting from their different thicknesses and (2) 
variations of the relative heat contents of the metal 
resulting from superheat. It should be noted that 
other possible variables were held constant: viz, the 
composition of the metal undergoing solidification, 
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and methods of chill application. 
It is apparent from Fig. 3 and 5 that the superheat 
condition has relatively little effect on the thermal 


course of the chill walls. Marked temperature differ- 
ences can be observed only at the chill interfaces for 


the first 2 min after pouring. This is due to the initial 
temperature difference in the metal in contact with 
the chills. The higher pouring temperature is re- 
flected in a higher rate of heating and a higher maxi- 
mum temperature at the interface. The differences 
are greatly reduced in the later stages of the solidifi- 
cation process. 

The thermal capacities of the chill walls, however, 
show pronounced effects on the entire thermal course 
of the walls, Fig. 4 and 6. The effects are not marked 
during the period of initia] surface heating of the 
walls for during this period the walls are heated ap- 


* 
' 


POURING TEMP. +2795°F. 
CHILL THICKNESS +2',° 
STEEL ANALYSIS 

c sé 


POURING TEMP. =2790°F 
CHILL THICKNESS = 4'4° 
STEEL ANALYSIS: 

c 63 

Mn 48 

si 50 
Mn 57 
Si .34 


TEMPERATURE — F. 


! 
” 
“% 





' 
DISTANCE FROM INTERFACE — INCHES 


Fig. 6—Chill thickness series. Thermal gradients in casting and chill. 
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preciably only near the interface. At this stage all of 
the walls, 114 to 41% in. thick, behave essentially as if 
of the same thickness. However, as solidification pro- 
ceeds and general heating occurs throughout the walls, 
the various heat capacities of the mold walls begin to 
be reflected markedly in the thermal course of the 
mold walls. 

rhe first indication of the heat capacity effect is 
shown by the timing and nature of a thermal dis- 
turbance at the interface due to the formation of an 
air gap. In the system with the thinnest wall this dis- 
turbance is developed suddenly at 14 min after pour- 
ing as indicated by a general increase of temperature 
at the casting side of the interface. The chill side 
shows a mild inflection in the rate of heating at this 
time but otherwise continues to rise in temperature. 
The systems with the intermediate and large size 
chills undergo a gradual temperature reversal in the 
chill side at about 114 and 2 min respectively. When 
the air gap forms in these systems, the cooling rates 
of the casting side of the interfaces are reduced. That 
these temperature disturbances are the result of air 
gap formation was verified experimentally by pour- 
ing a similar casting against 214-in. thick chills with 
a 45-deg tilt such that the bottom face remained in 
continuous contact with the chill while the opposite 
side could shrink away to form an air gap. The chill- 
interface temperature on the top side fell when the 
air gap formed, but the chill-interface temperature on 
the bottom side climbed steadily throughout solidifi- 
cation. 

The fact that an air gap forms earlier with thin 
chills than with thick chills is ascribed te the more 
rapid heating of the thin chills which then expand 
and pull away from the casting. The times of air-gap 
formation as related to chill thickness are inherent 
to the manner in which the chills in these tests com- 
pletely surround the casting. 

Following the stage of air gap formation, with its 
consequent drop in rate of heat transfer across the 
interface, further indications of the relative heat 
capacities of the mold walls are provided by the tem- 
perature course of the various mold walls. The thin- 
nest chill wall shows insufficient heat capacity to pre- 
vent continued rapid heating throughout the entire 
wall. The intermediate chill wall has sufficient heat 
capacity to maintain an approximately constant inter- 
face temperature while the heaviest is oversufficient in 
that a falling temperature occurs. 

An indication of the relative heat capacities of the 
three chill wall sizes can be made by comparing outer 
surface temperatures at a given time. For example 2 
min after pouring the surface temperature of the 114, 
21% and 414-in. chills, Fig. 6, are 770 F, 425 F, and 140 
F respectively. 


Selidification Course from Chill Walls 


For a basic understanding of the process of solidi- 
fication from mold walls, it is essential to consider 
the nature of heat transfer from the casting to the 
mold. This may. be deduced from the shape of the 
thermal gradient curves shown in Fig. 5 and 6. It is 
recognized that heat from three sources is metered 
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from the casting to the mold during solidification: 
(1) specific heat of liquid metal, (2) heat of solidifi- 
cation and (3) specific heat of the solid metal which 
has already formed. The progression of solidification 
at any given time is governed by the rates at which 
these various heat components are metered to the 
mold. 

It will be noted from Fig. 5 and 6 that the usual 
continuous thermal gradients generally associated with 
heat flow are disturbed by the formation of a “knee” 
in the temperature range of transformation from 
liquid to solid. The abrupt change in gradients at 
the knee is due to the necessity of removing heat of 
solidification from this zone before the thermal grad- 
ients can move inward. The “knee” zone, thus repre- 
sents a band of active solidification which forms a 
thermal block to the central liquid portion of the 
casting. The initial development of this thermal 
block occurs early in solidification during the forma- 
tion of the initial skin on the mold wall. 

Since the solidification “knee” zone becomes estab- 
lished at and below the liquidus temperature, it will 
not act as a thermal block to the specific heat of the 
liquid metal. Thus, during the formation of the ini- 
tial skin at the wall surface the superheat of the re- 
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mainder of the liquid is simultaneously metered out 
at a rapid rate as indicated by the short time re- 
quired for the gradient curves in the central portion 
of the casting to reach the liquidus temperature. It 
will be noted for example that the 180 F superheat 
in the casting of Fig. 5 poured at 2880 F is lost in 
little over a minute, and in this time a completely 
solid skin 4 in. in thickness has also been formed. 
Since significant cooling of the central portion of the 
casting below the liquidus temperature cannot occur 
because of the thermal block, the central portion of 
the casting gravitates to an isothermal condition at 
essentially the liquidus temperature and remains as 
such until reached by the solidification knee. 

The passage of the solidification knee is denoted 
by a temperature drop which is consequent to the re- 
moval of heat of solidification. For example, the cen- 
ter of the casting poured in the small size mold, Fig. 
6, remains near the liquidus temperature until 10 
min after pouring. However, in the interval between 
10 and 11 min (interpolated) during which time its 
solidification is completed, a drop of approximately 
125 deg is noted. With the passing of the transforma- 
tion knee the remaining, now solid, metal on the mold 
wall side of the “knee” cools further thus contribut- 
ing specific heat of solid to the total flow of heat into 
the mold. These basic features of solidification are 
observed to hold for all the test castings. 

The specific contributions of superheat and mold 
wall thickness to solidification may be observed more 
readily by replotting the thermal data in terms of the 
progression of solidification waves or ‘fronts’ through 
the casting. Figure 7 shows the course of solidification 
of the castings thus summarized from the thermal 
data of Fig. 5 and 6. The rates of progression of the 
forefronts and ends of the “knee” zones are shown as 
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“start of freeze” and “end of freeze” curves respcc- 
tively. 

The effects of superheat and mold thickness on the 
course of solidification are shown in both the “start” 
and “end” curves; the specific effects being similar for 
both curves but somewhat more pronounced for the 
“end” curves. Thus, in order to simplify discussion, 
and because of the greater practical significance of 
the “end of freeze’ curves, further discussion will be 
restricted to the wave of complete solidification. 

It was observed earlier from the gradient curves 
that superheat is lost rapidly during the stage of 
initial skin formation. Since the mold has a limited 
capacity for accepting heat, the presence of superheat 
necessitates a reduction in the flow of solidification 
heat. Figure 7 shows that this is reflected in decreased 
initial rates of solidification. Following the complete 
release of superheat, the rates of solidification of all 
castings become equal regardless of initial superheat; 
i.e. the solidification curves are thereafter displaced 
by a time interval which is proportional to the 
amount of initial superheat. This time displacement 
is retained throughout the remainder of solidification. 
An increase in superheat from 25 F to 180 F increases 
solidification time approximately 13 per cent (9.5 to 
10.7 min). 

The relative heat capacities of the chill walls also 
affect solidification as shown in Fig. 7. During the 
first 14 min the solidification rates of the three cast- 
ings are identical. This should be expected inasmuch 
as during this period only the mold wall surfaces are 
heated. After the first 4 min the solidification of 
the casting with the lowest heat capacity chill wall 
(11% in.) becomes slower. The solidification rates of 
the castings with the two larger chill walls (214 to 414 
in) are identical for the first 4 min after which the 





lig. 8—Representative macrostructure of chiil cast- ings. (Left) P. T. 2725 F; (Right) P. T. 2795 to 2800 F. 
Photo reduced about 22% in reproduction. 
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Fig. 9—Green sand mold thickness series. 


rate for the intermediate 214-in. wall becomes some- 
what slower. 

It is noted, that the time of total solidification is 
decreased approximately 13 per cent (11.5 to 10 min) 
by increasing the chill thickness from 1/4 to 414 in. 
Increasing the chill wall thickness from 114 to 21% 
in. decreased the final solidification time by approxi- 
mately 9 per cent (11.5 to 10.5 min) while an increase 
from 21% in. to 414 in. further decreased this time 
only 5 per cent (1014 to 10 min), thus indicating a 
point of diminishing returns past approximately 214- 
in. thickness. From practical considerations the 214- 
in. thick chill may be deemed of sufficient thickness. 

While variations of chill thickness or of superheat 
may have approximately the same effect on the time 
for final solidification, the mechanisms by which this 
time difference is developed are completely different. 
The retarding effect of low heat capacity chills does 
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Fig. 10—Dry sand mold thickness series. 
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not begin until solidification has started and then 
becomes increasingly greater as solidification pro- 
gresses. The superheat effect retards the solidification 
process only during the initial state of solidification. 

Variations in thickness of chill wall have no signifi- 
cant effect on the macrostructural characteristics of 
the casting. Increasing superheat, however, produces 
a marked coarsening effect throughout the casting. 
Figure 8 shows typical macrostructures resulting from 
variations in superheat. It is hypothesized that the 
fine structures present when superheat is low result 
from the formation of small crystallites during pour- 
ing which are distributed throughout the liquid and 
serve as nuclei or centers of growth as the start ol 
freeze wave moves through the casting. With high 
superheat such centers are not developed hence the 
start of freeze wave moves through essentially nuclei- 
free liquid. 
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Thermal gradients in casting and mold. 
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Fig. 11- Superheat series. Thermal gradients in cast- 
ing and green sand mold. 


Characteristics of Solidification from Sand Walls 


Temperature Distribution in Casting and Mold—In 
considering transfer of heat from the casting to a 
sand wall it is necessary to recognize that in practice, 
sands, unlike chills cover a wide range of materials 
which may differ considerably in thermal properties. 
Thus, in addition to thickness or thermal capacity 
effects, as discussed in the previous section on chill 
molds, it is necessary to consider the contribution of 
such factors as grain size, density, water content, bind- 
ers, etc. For the sake of limiting the scope of the im- 
mediate investigation, the studies were confined to 
the role of wall thickness and water content of a 
single practical foundry sand. 

Figure 9 shows metal and sand temperature gradi- 
ents for 7 x 7-in. bar castings poured at 2800 F into 
green sand molds (3 per cent water) having wall 
thicknesses of 214, 414 and 7 in. Figure 10 shows 
gradients for a similar series with sand molds which 
had been baked at 450 F for 16 hr to remove water. 
The effects of superheat are shown by the series pre- 
sented in Fig. 11. In this series the metal was cast 
into green sand molds having wall thicknesses of 414 
in. 

Liquidus and solidus temperatures were obtained 
in the same manner as for the chill castings. 


Thermal Course of Sand Walls — Poor heat trans- 
fer properties of sand are reflected in the interface 
temperatures and in the thermal gradients in the 
sand walls, Fig. 9, 10 and 11. In contrast to the chill 
walls the thermal gradients are steep and the inter- 
face temperature of the sand approaches that of the 
solidifying metal. The interface conditions of the 
metal and mold are more clearly shown in Fig. 12 
which is a plot of the temperatures recorded from the 
individual couples in a typical test. It can be seen 
that the mold interface temperature quickly ap- 
proaches the metal interface temperature. Five min- 
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Fig. 12—Temperature cycles at various locations in 
casting and 7 in. green sand mold. P. T. 2800 F. 


utes after pouring the temperature difference is ap- 
proximately 50 F, and after 30 min the difference has 
become negligible. No irregularities were noted in 
interface temperatures which would signify the for- 
mation of an air gap. 

It is of interest to note, both from the gradient 
curves of Fig. 9 and the time-temperature curves of 
Fig. 12, that the presence of water results in a trans 
formation “knee” or thermal block similar to the 
liquidus to solidus transformation “knee” noted in 
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Fig. 13—Effects of flask on sand temperature. (Left) 
Green sand. (Right) Dry sand. 


the solidification oi the steel against chill walls. This 
thermal block developed by the water to steam trans- 
formation at 212 F. 

The ultimate depth to which the 212 F thermal 
block extends into the sand at the time of complete 
solidification provides a practical means of denoting 
the thickness of sand wall which contributes to heat 
absorption during solidification. On this basis, mold 
walls which exceed this thickness may be considered 
to have oversufficient heat capacities. The curves for 
the green sand castings Fig. 9 show that at the time 
for complete solidification the 212 F “hold” extends 
approximately 414 in. into the 7-in. mold wall. On 
this basis a 414 in. wall thickness would be deemed of 
sufficient heat capacity for 7 x 7-in. sections. If 212 F 
is taken arbitrarily as an indication of sufficient thick- 
ness for dry sand molds it is noted that a mold wall 
approximately 5 in. thick (Fig. 10) is required. Figure 
9 shows that when green sand walls are less than this 
sufficient size the 212 F hold reaches the flask prior to 
complete solidification and the mold flask then enters 
into the heat absorption cycle of the mold wall. 

The flask, being steel, extracts heat at a more rapid 
rate than the sand and may be considered as a chill 
with its effectiveness reduced by the sand insulator 
between it and the casting. The increased amount 
of heat removed by the flask in the thin-walled mold 
reduces the sand temperature near the flask to a lower 
level than it is at comparable locations in the thick- 
walled molds. This can be seen in Fig. 13 which 
shows the temperatures of the sand at 2 and 21% in. 
from the interface in 214, 41% and 7-in. walls at vari- 
ous times. 

The metal interface temperatures in these castings 
at comparable times differ by only a few degrees while 
the sand temperatures 2 in. from the interface are as 
much as 50 F lower in the thin-walled mold than in 
the two thicker molds. Thus when the 214-in. mold 
becomes heated throughout, its gradient through the 
first 2 in. of sand is greater, and since the rate of heat 
transfer is proportional to the gradient through the 
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sand, heat is removed from the casting in the small- 
est mold at a faster rate than it is from the larger 
molds. 

There are no significant differences in the sand 
gradients in the pouring temperature series. 

Course of Solidification from Sand Walls—Gradi- 
ent curves of Fig. 9 to 11 clearly indicate that the poor 
heat transfer properties of sand result in a marked 
modification of the gradients in the solidifying steel 
as compared to those of chill castings. The gradients 
in the steel are comparatively mild as dictated by the 
high temperature condition at the interface, and the 
transformation “knee” is accordingly broadened so 
that it encompasses almost the entire cross-section of 
the casting. As in the chill castings, superheat is lost 
early in the solidification process and almost the en- 
tire cross-section ot the casting becomes isothermal at 
the J#,a:dus temperature. Oniy a small amount of 
solid iy formed at the surface during this interval. 
Superheat is metered to the mold,almost to the ex- 
clusion of other forms of heat. 

The progression of the “start of freeze’ and “end 
of freeze’’ waves across the 7 x 7-in. sections are 
shown in Fig. 14. The “start of freeze” curves are 
similar in shape to those of the chill castings, show- 
ing a rapid initial solidification which gradually re- 
tards and then accelerates near the center of the cast- 
ing. As indicated by the “end of freeze” curves, final 
solidification does not begin at the surface until after 
solidification has started at the center. At this point 
a mushy condition exists over the entire casting. 

At any location in the casting there is a time inter- 
val of at least 20 min between the time when solidifi- 
cation starts and when it ends, and during this inter- 
val metal is solidifying upon the dendrite skeletons 
originated by the “start of free” wave. Solidification 
is progressive from the surface to the center in the 
sense that the nearer the metal is to the casting sur- 
face the more advanced is its state of solidification. 
However, it is not until more than 30 min after pour- 
ing that any of the castings have become completely 
solid for a distance of even 14 in. from the surface. 
When such a completely solid skin is formed solidifi- 
cation throughout the rest of the casting is in an ad- 
vanced stage; i.e., only a little liquid remains between 
the dendrites. The final freezing wave then travels 
through the casting at a rapid rate. 

The effect of increasing the mold wall thickness 
from 21% to 7 in. is shown in Fig. 14A. The effect is 
one of a general delay in solidification with increased 
thickness. This is exactly opposite to the effect of in- 
creasing the thickness of the chill wall which showed 
faster solidification with increased thickness of wall. 
This apparently anomalous result is ascribed to the 
contribution of the steel flask as a chill which was 
discussed in the previous section. In the case of the 
21% and 414 in. green sand walls the water hold 
reached the flask in approximately 15 and 25 min 
respectively thus bringing the chill action of the flask 
into play at these times. 

In the case of the 7 in. wall, the water “hold’’ only 
extended approximately 414 in. into the wall at 
the time of complete solidification thus the flask did 
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not contribute significantly. Increasing the mold wall 
thickness from 21% in. to 414 in. shows an increase in 
solidification time of approximately 10 per cent (44 
to 4814 min) while a further increase from 414 to 7 
in. shows a relatively small increase of approximately 
2 per cent (4814 to 4914 min). It may be concluded 
that a 41%-in. green sand wall is approximately of 
“sufhicient” thickness for a 7-in. x 7-in. section above 
which the extra sand does not contribute significantly 
to solidification and below which chill effects of the 
flask are developed. 

The specific effects of superheat are summarized in 
Fig. 14B for castings poured in 414-in. molds. As in 
the case of the chill wall studies the two higher super- 
heat curves fall closely together and are displaced 
from the lowest superheat curve toward later times. 
This displacement appears to originate from a delay 
in the “start of freeze” curve as a result of superheat 
liberation. This delay is reflected in the “end of 
freeze’ curves. It is observed that after the delay 
times have elapsed, the rates of travel of the various 
“end of freeze” curves are approximately the same. 
Thus the effect of superheat in introducing an early 
delay in solidification and increasing the solidifica- 
tion interval is basically the same for both chill and 
sand castings. 

The effect of 3 per cent moisture in 414-in. sand 
walls is shown in Fig. 14C. The presence of moisture 
expedites solidification during the initial stages of sol- 
idification and causes the development of the “end of 
freeze” wave to occur earlier. This effect is appar- 
ently lost during the later stages of solidification as 
indicated by the gradual merging of the green and 
dry sand “end of solidification” curves which become 
coincident at final solidification. This peculiar course 
of events is not completely understood. It is hypothe- 
sized that the somewhat more rapid heating noted for 
the dry sand wall results in bringing the flask into 
play earlier in the case of the dry sand thus expedit- 
ing the iast stages of solidification. If such is the case 
the coincidence of final solidification times is fortuit- 
ous and specific to the 414 in. sand wall, in that this 
thickness is less “‘sufficient’’ for the dry than for the 
green sand. 

As in the chill castings, only pouring temperature 
altered the macrostructure of sand castings. The trend 
toward coarser structures with increasing superheat 
can be noted from Fig. 15. 


General Discussion 


The foregoing thermal analyses have shown that 
solidification is basically a heat transfer problem. The 
exactness inherent to the thermal analysis method of 
investigating solidification together with its adapt- 
ability to the simultaneous study of metal and mold 
conditions provides a means of deducing the nature 
of the heat transfer processes which occur during 
solidification. 

The total heat content of liquid metal, which was 
absorbed during the melting and superheating pro- 
cess, includes specific heat of solid, heat of fusion, and 
specific heat of liquid. Solidification proceeds by the 
transfer of these heats from the metal to the mold 
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Fig. 15—Representative macrostructures of sand castings. (Left) P. T. 2725 F. (Right) P. T. 2800 to 2900 
F. Photo reduced about 22% in reproduction. 


walls. The thermal characteristics and heat capacities 
of the mold walls determine whether all of the trans- 
ferred heat is absorbed by the mold or if part of it is 
passed on to the atmosphere by radiation from the 
outer mold surface. he important thermal charac- 
teristics to be considered include the volumetric spe- 
cific heat and conductivity of the mold material. 
Total heat capacity, of course, is a direct function of 
the wall thickness. 

For practical ranges of wall thickness, chill walls 
transfer an appreciable fraction of the heat liberated 
during solidification to the atmosphere by radiation. 
Sand walls however absorb essentially all of this heat. 
For dry sand, the heat is entirely absorbed as specific 
heat of the sand while green sands remit part of the 
heat to the vaporization of water. For this reason, 
less mold thickness becomes heated during the solidi- 
fication process when the sand is green rather than 
when dry. 

The rate at which heat is removed from the casting 
is basically determined by the rate at which heat is 
transferred from the mold interface by diffusion 
throughout the mold. High conductivity, high vol- 
umetric specific heat, and low level of temperature of 
the mold provide conditions of high rate of heat re- 
moval. Gray iron has a volumetric specific heat of 
more than three times that of sand (90 vs 26 Btu/cu 
ft/°F) and a conductivity approximately 20 times 
greater (18.4 vs 0.9 Btu/ft,hr°F) than sand. Thus, 
the rate at which heat is removed by the iron chills is 
accordingly much higher than that of sand. In the 
same sense heated mold walls remove heat at a lowe1 
rate than cold walls since the heat capacity of the 
walls has been partly satisfied. 

[t was observed that solidification of steel from chill 
walls, which remove heat at high rates proceeds as a 


band of solidification by the simultaneous travel of 
“start” and “end” of freeze waves. The space separa- 
tion of these two waves is relatively narrow, hence the 
solidification process consists basically of thé move- 
ment of the solidification band from the mold wall 
into isothermal liquid which is retained essentially 
at the liquidus temperature. Solidification of the same 
steel from sand walls, which remove heat at compara- 
tively low rates proceeds in a distinctly different fash- 
ion. Solidification is still progressive in the sense that 
the “start” and “end”’ of freeze waves travel from the 
surface to the center of the casting, but a solidifica- 
tion band as such is not developed. The “start of 
freeze” wave completes its cycle before the “end of 
freeze” wave starts to follow it. In contrast, solidifi- 
cation in sand castings is therefore more general 
throughout the casting. 

It is important to note that modifications in the 
thermal characteristics of the mold wall result not 
only in changes of solidification rates but also in 
marked modification of the solidification process it- 
self. The full significance of these findings cannot be 
predicted at this time. 

Variations in the range of practical thicknesses of 
chill and sand walls have been shown to affect solidifi- 
cation in correspondence with the extent to which 
the rate of heat removal is affected. Increasing the 
thicknesses of chill walls decreases the general temper- 
ature level of the walls, hence increases heat removal 
rates resulting thereby in increased solidification 
rates. Increasing the chill thickness above the point 
required to maintain approximately constant inter- 
face temperatures following air gap formation in- 
creases solidification rates relatively little compared 
to increasing the thickness up to this point. Accord- 
ingly, this point has been denoted as the point of 
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“sufficient” chill wall thickness. In the case of sand 
walls heat removal rates are increased markedly by 
decrease in sand thickness below the thickness re- 
quired to prevent chill effects due to the flask. Solidi- 
fication rates are accordingly increased by decreases 
in sand thickness below this point of “sufficient” sand 
thickness. Increasing sand thickness above this point 
does not modify heat removal rates since the extra 
sand thickness does not enter significantly into the 
heat transfer process. Solidification rates are accord- 
ingly not affected significantly. 

Superheat has been shown to have relatively little 
effect on the overall thermal course of the mold walls 
inasmuch as its liberation occurs during the initial 
heating period. Comparison of the chill wall with 
the sand wall shows that the rate of superheat libera- 
tion is not sufficient to satisfy the heat demand of 
the chill wall. Accordingly appreciable solidification 
heat is also liberated at the chill wall during the per- 
iod of superheat liberation. Sand, however, is very 
nearly satisfied by superheat alone and very little heat 
of solidification is liberated along with superheat. Bas- 
ically, superheat represents excess heat in the system 
which must be eliminated prior to extensive solidifi- 
cation. Thus, the rate of formation of solid at the 
wall surface is decreased in the presence of high super- 
heat. . 

The relative heat removal characteristics of chill 
and sand walls as indicated by comparison of solidifi- 
cation times and rates are of considerable practical 
interest. Such comparisons can be made from Fig. 16, 
which presents solidification curves for steel against 
“sufficient” chill and sand mold walls. 





10 56 20 25 30 35 40 45 50 55 


TIME - MINUTES 
Fig. 16—Comparison of solidification curves for chill 
and green sand castings. Wall thickness 41% in. 
P. T. 2800 F. 


It is noted that the “start of freeze” solidification 
rate of steel against a chill surface is as a rough ap- 
proximation 314 times as great as it is against a sand 
surface. The “end of freeze” solidification rates are 
approximately the same for both sand and chill cast- 
ings after the first inch of wall growth, but are dis- 
placed from each other by a time interval of approxi- 
mately 40 min. The similarity in “end of freeze” 
growth rates of the castings solidifying against the 
two media has no apparent practical significance. The 
internal conditions within these two castings are en- 
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tirely different while the “end of freeze” waves travel 
through them. When the “end of freeze” waves have 
reached points 114 in. from the centers of the cast- 
ings, the chill casting has a completely liquid interior 
while the liquid in the central portion of the sand 
casting has been reduced to small interdendritic pools 
and films. 

Considering only the times for complete solidifica- 
tion (10 min for the chill casting and 48 min for the 
sand casting), the relative chilling powers for the two 
mold media would be in the ratio of 5 to 1. Ona 
heat balance basis this ratio would be even greater 
since, during the solidification period, the chill also 
removes considerable specific heat from the solid metal 
near the chill surface. This can be noted from Fig. 6 
by the extent to which these locations have cooled 
below the solidus temperature. 

The close agreement of these experimental findings 
with the predictions of Paschkis!:2.3 based on electrical 
analogue studies is particularly noteworthy. Paschkis 
treats the solidification problems strictly as one of 
heat transfer with electrical variables of capacitance, 
resistance, voltage and amperage replacing the cast- 
ing variables of heat cortent, conductivity, tempera- 
ture, etc. Thus the casting heat transfer cycle is syn- 
thesized on an electrical circuit. Typical electrical 
analogue curves obtained by Paschkis are shown in 
Fig. 17. 
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Fig. 17—Typical electrical analogue progression of 
solidification curves (Paschkis). A—Steel thickness 4 
in.; chill thickness 3 in.; P. T. 2845 F; solidification 
range 2700 to 2600 F. B—Steel thickness 4 in.; sand 
thickness 10 in.; solidification range 2700 to 2600 F. 
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The Analogue method correctly predicts that in 
solidification from chill walls the “start” and “end” 
of freeze waves proceed to completion in conjunction, 
producing a limited band of solidification which 
moves out into free liquid; also that solidification 
from sand walls is distinctly different in that the 
“start” and “end” curves proceed to completion in 
sequence thus creating a mushy condition which ex- 
tends through the entire casting. The actual shapes 
and relative locations of the “start” and “end” of 
freeze curves and the delay effects resulting from sup- 
erheat are likewise predicted correctly by Paschkis. 
Quantitative comparisons with the chill castings of 
this investigation are not possible because of the dif- 
ferent test castings, chill practice, and air gap times 
upon which Paschkis’ curves are based. 

In the sand castings however, only differences in 
shapes are involved and comparison may be made 
according to Chvorinov’s rule which states that solidi- 
fication times for steel castings are proportional to the 
square of volume to surface area ratios. Comparison 
on this basis of the time of final solidification of the 
7-in. x 7-in. bar- casting poured at 2800 F in a sufh- 
cient sand mold is in agreement with the solidifica- 
tion time which Paschkis predicts for a 4-in. thick 
plate poured under like conditions. Scaling of the 
7-in. x 7-in. bar to the same S/V ratio of the plate 
indicates a time of 6214 min which compares with a 
time of 57 min reported by Paschkis for the 4-in. 
plate. 
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DISCUSSION 


Chairman: H. A. ScHwartz, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 

V. Pascukis (Written Discussion):+ The authors compiled 
material of great significance to anyone concerned with solidifi- 
cation of metals. In studying the paper a few points occurred 
which merit discussion. 

In the “Introduction” the electric analogue is listed as one of 
the available indirect methods and it is stated that the indirect 
methods rely on data of the thermal properties of metal and 
mold. This is true; but as far as the analogy method is concerned 
this obvious disadvantage can be, to some extent, turned to ad- 
vantage by studying the relative importance of different vari- 


* Technical Director, Heat and Mass Flow Analyzer Laboratory, Columbia 
University, New York. 
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ables, for example of the different properties of metal and mold. 
Thus it can be found which of them is important for the process 
in question and need be determined more accurately. 

Regarding the selection of the dimensions for the test casting 
there may be some question if for a cross-section of 7 in. square 
a height of 20 in. is sufficient to warrant disregarding axial flow. 
Conditions are slightly improved by the fact that, thermally, the 
riser and the casting form a unit so that the actual effective 
height is more than 20 in. From this view point however, it 
might be preferable to place the thermocouple somewhat above 
mid-height of the casting. 

The most critical items of the authors’ investigation are the 
temperature measurements. Errors in temperature measurements 
are particularly severe near the interface. Whenever there are 
temperature gradients in the body to be measured the magnitude 
of possible error increases. It would be desirable if the authors 
could elaborate on the accuracy of their measurement. Although 
not directly applicable to the present tests certain information 
may be obtained in the paper by H. D. Baker and E. A. Ryder 
(See Ref. 1 in bibliography appended to this discussion). 

When measuring sand temperatures, it would seem desirable 
to apply small discs to the bead of the couple, because, with 
fine wires, it is conceivable that the bead rests completely or 
almost completely in a space between sand grains which, of 
course, would result in wrong measurements. 

Measurement of the interface temperature in the chill raises 
the question, if the weldment extends into the chill. The tem- 
perature observed on the instrument is obviously that of the last 
point of contact between the two thermocouple wires. 


In the discussion of the temperature-time history of the chill 
walls the term “thermal capacity of the chills” is used where 
“thickness” only should be mentioned. The variation was, as 
the writer understands, only of thickness but not of specific 
heat. The thermal capacity is the product of volumetric specific 
heat x thickness. 

In the same section the authors comment on the “thermal 
disturbance at the interface due to an air gap.” The observed 
increase in temperature in the metal is interesting. The writer, 
without having experimental data available, predicted such rise 
in a study of ingot solidification (Ref. 2 in bibliography). 

In the same connection it is interesting that the authors find a 
time for formation of the air gap of 2 min for large size chills. 
In the first report of the Heat Transfer Committee (Ref. 3 in 
bibliography) the writer found that air gap times for 2-in. slabs 
were probably 9 sec and increased with the square of the thick- 
ness, provided that the chill was increasing proportionally to 
the thickness of the casting. Thus for a 7-in. slab (no corner 
effects) the air gap time should be 110 sec for 5.25-in. chill. 
At early times of solidification the thickness of the chill prob- 
ably does not enter severely so that the 110 sec probably would 
hold for thinner chills and seem to check with the present 
authors’ 2 min. 

The authors use at two different places the word “sufficient 
chill” in different connotation. In the section on the “Thermal 
Course of Chill Walls,” it is stated that “intermediate chill wall 
has sufficient heat capacity.” However in the section on “Ther- 
mal Course of Sand Walls” the gage for “sufficient heat capacity” 
is taken differently. It appears to the writer, that the proper 
definition would be, that a “sufficient” chill or mold thickness 
is one, beyond which an increase in thickness does not result in 
a significant change of solidification time. In Fig. 4 however, 
the center of the casting with over sufficient chill freezes in 10 
min against the 10.5 with the medium chill. 


Towards the end of the section on the “Thermal Course of 
Chill Walls” a comparison is made of the surface temperatures 
of three chills, 2 min after pouring. The values are taken 
from Fig. 6. 

A similar comparison could be made, by noting the time 
required to reach a given outside surface temperature, e. g. 600 
F, with the different chills. The times are 1.4 min, 3.6 min and 
15 min. In first approximation the times should increase pro- 
portionally to the square of the chill thickness. Thus for the 
2.5-in. chill the time should be (2.5/1.5)* x 14 = 3.9 min. The 
above value of 3.6 is a good check. For the thickest chill the 
check is not quite so good (10.5 min computed, as against 15 
min observed). But this is proper, because the square law 
approximation loses its validity for longer times. 

In Fig. 7 the curves for a pouring temperature of 2795 F and 
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2880 F coincide. It would appear from the authors’ statements 
that with increasing pouring temperature the solidification time 
should increase. Do the authors have any explanation why these 
curves coincide? 

The identical behavior of the chills of different thickness at 
early times is as thermally expected. At the instant of pouring 
all of the chills act as “semi-infinite solid.” 

In the section on “Thermal Course of Sand Walls” the authors 
observe that in this case there is no indication of an air gap. 
The writer's experiments (Ref. 3 in appended bibliography) 
lead him to the conclusion that even if an air gap should exist 
when casting against sand, it would be of little significance be- 
cause the thermal resistance of the air gap is small compared 
with that of the sand whereas it is large as compared with that 
of the chill. 

In the section on “Course of Solidification From Sand Walls” 
the authors comment on the delay in solidification with increased 
chill thickness. The authors correctly relate this observation 
with the happenings on the cold surface of the “container” 
(chill or mold). 

Increase of “container” thickness increases the thermal re- 
sistance noticeably in case of the sand mold, but only to a negli- 
vible amount in case of the chill. On the other hand the heat 
storage capacity per unit volume is much larger for the chill 
(77.5 Btu/cu ft. F) than for the sand (28 Btu/cu ft., F). Thus 
in case of the chill, a large part of the heat extracted from the 
casting may be stored temporarily in the “container” (chill), 
whereas in case of sand only a small part can so be stored. An 
increase in the storage ability by increased thickness is more im- 
portant in the case of the chill. 

The observation on moist sand may eventually be clarified 
by work on the Analyzer particularly because the computations 
for moist sand are carried out without a flask and thus may 
give an explanation for the observed difference. 

In the general discussion a reference is made to a comparison 
of the authors’ findings with those by the writer obtaining a 
good check of two observations made on different shapes and 
compared by the method of Chvorinov. (Ref. 4 in bibliography.) 
Chvorinov makes two statements: 

1. That bodies having the same volume/area ratio freeze at 
the same time, independent of their shape. 

2. That two bodies having different volume/area ratios have a 
ratio of freezing times which is equal to the square of the ratio 
of the “shape factor” (the latter being the volume/area ratio). 

The statements by Chvorinoy have drawn much attention 
and therefore a thorough discussion may be in place. This dis- 
cussion necessitates to analyze the “shape factor” which 
Chvorinov defines as the ratio volume/area. The shape factor, 
S, has of course the dimension of length. The shape factor, 
then, can always be related to a critical dimension, D, by means 
of a proportionality factor, p. S = D/p. 

The critical dimension is defined as the thickness in case of 
large slabs with no end effects, or the diameter in case of cylin- 
ders or of spheres. In case of slabs where the end effects must 
be considered, D stands for the smallest dimension. 

Hereafter the subscript P will be used for large slabs without 
end effects, P denoting plate; the subscript S for spheres and C 
for cylinders of great length (no end effects). Thus pp = 2; 
Po = 4: ps = 6. 

Work on the Analyzer proves that two bodies of the same 
shape (equal value of p being a necessary but not a sufficient 
condition) but different size (different value of S) require 
solidification times proportional to the square of the ratio of 
their D values. For example, if the D value is doubled then the 
solidification time is increased to four times its original value. 
This holds on the following three conditions. 

1. That the mold size increases proportional to the size of 
the casting; that means that if D is doubled then the mold 
thickness is also doubled. 

2. In case an air gap is formed, the time of formation of the 
air gap changes with the square of D. 

3. That the heat flow from the outside of the mold does con- 
tribute to solidification; in other words that the mold is so 
thick that the temperature rise on the outside surface facing the 
flask is negligible. 

If these three conditions are fulfilled this law of increase with 
the square of D value is rigid. 

Chvorinov’s statements would require that two bodies having 
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the same shape factor S$ but different p values, freeze in the same 
time. Experiments on the Analyzer show that this law is not 
rigidly correct, and, moreover, that the approximation to abso- 
lute validity depends on the amount of superheat. Compar 
solidification times of large slabs with no end effects (D = 4 
p = 2, S = 2) with those of spheres (D = 12, p = 6,S = 2 
the results are tabulated below. It may be seen that the ratios 
of solidification times, slab/sphere are nearly one for high de- 
grees of superheat but deviate considerably for low degrees of 
superheat. 


s 
oe 


COMPARISON OF SOLIDIFICATION TIMES OF A LARGE SLAB (NO EDGE 
EFFECTS) WITH A SPHERE, BOTH HAVING THE SAME VALUE 
OF VOLUME/AREA 





Pouring Temp. Time to Reach Solidus Ratio 
°F Slab (Sec) Sphere (sec) Slab/Sphere 
3010 4600 4320 1.06 
2900 3900 3920 0.99 
2820 3280 3520 0.93 
2800 3100 3400 0.91 
2740 2375 3280 0.73 





Checking all values of Chvorinov’s Fig. 19 one may see that 
he covered p values from 2.11 to 6. In view of the findings of 
the above table there is serious doubt if his disregarding differ- 
ences in pouring temperature might not obscure deviations from 
his stated law. 
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Mr. Petuint: We appreciate the time and effort which Dr. 
Paschkis obviously has expended in his review of the subject 
paper. His extensive experience in the field of heat transfer 
makes his review of great value to the authors. 

We certainly agree with Dr. Paschkis concerning the flexibility 
of the Electrical Analogue. It should be recognized that this tool 
correctly predicted the features of solidification which have now 
been determined by direct experiment. In essence Dr. Paschkis 
has conducted foundry experiments using electrical circuits and 
has developed information which was later checked on the 
foundry floor. The potentialities of this approach should now 
be evident to foundrymen. 

Dr. Paschkis is correct in his deduction that axial heat flow is 
not entirely eliminated with the casting design used. The cast- 
ing in question represents a rather delicate balancing between 
two features—axial heat flow which is developed when the bar 
is not sufficiently long to be semi-infinite and shrinkage devel- 
oped whenever a semi-infinite section is used. We know from 
our studies of the axial solidification of bars that semi-infinite 
conditions are developed at approximately 3T (21 in. for 7-in. 
bar.) from the casting end. It should be noted further that com- 
plete soundness in 7x7-in. bars is developed only to approxi 
mately 10 in. from the end. Full details may be found in a 
companion paper’ [The Contribution of Riser and Casting End 
Effects to the Soundness of Cast Steel Bars” by Bishop, Myskow- 
ski and Pellini, pp. 171-180 in this volume]. Thus, 10 in. from 
the end is the closest practical approach to semi-infinite condi- 
tions for completely sound 7-in. x 7-in. bars. The couples, 
accordingly, were placed at 10 in. from the end of the casting. 

The absolute accuracy of the thermocouples was approximately 
1°F. The sensitivity 1.5°F. Precautions were taken to eliminate 
conduction errors and to ensure good thermal contact. Discs 
welded to the thermocouples heads were tried for sand tempera- 
ture measurements and found not to change the reading of the 
couples. This may be due to the fact that the clay bond present 
in the sand provides thermal contact with the beads, or that the 





fine 
wer 
the 
wer 
D 
the 
not 
thei 
ness 
thir 
is 0} 
in | 
ing 
lish 
It 
capi 
incT 
solic 
abot 
cent 
2, 
volu 
reco 
in. | 
it 
the 
is d 
shov 
in ¢ 
prot 
ence 
ture 
pera 
T 
ance 
tion, 
are ( 
prov 
turb 
the 
at th 
C. 
cong 
pain 
It se 
satis! 
ticul 
resist 
TI 
tion 
ance 
in th 
In 
appe 
follo 
passe 
creas 
ance 
also | 
sort 
grou! 
conta 
being 
tion | 
It s 
is less 
not a 
tion | 
fluctu 
distuy 
In | 
ing Fr. 
mediz 
might 
chill” 


FUDGE 


here 


that 
s of 
tler- 
rom 


the 


ion” 
-147 


ikis, 


nov, 
No. 


Dr. 
ject 
sfer 


lity 
tool 
now 
hkis 
and 

the 
now 


w is 
‘ast- 
een 
bar 
vel- 
rom 
nite 
-in. 
om- 
Oxi 
na 
End 
ow- 
rom 
idi- 
les, 
ing. 
tely 
late 
iScs 
pra- 
the 
ent 
the 





H. F. BisHor, F. A. BRANDT AND W. S. PELLINI 


fines in the sand perform the same function. Ceramic sleeves 
were used to electrically and thermally insulate the wires from 
the sides of the drilled hole in the case of the couples which 
were flash welded to the chills. 

Dr. Paschkis is correct also in stating that thermal capacity is 
the product of volumetric specific heat x thickness hence does 
not vary directly with thickness. We have spoken of the relative 
thermal capacities of the chill as being a function of the thick- 
ness, that is, increasing with thickness. Thus, we spoke of the 
thin chill having relatively less thermal capacity—the statement 
is only qualitative and intended to simplify discussion. We have 
in fact calculated the actual quantitative thermal capacities us- 
ing the relationships given by Dr. Paschkis for a report (unpub- 
lished) entailing detailed study of the heat transfer processes. 

It is recognized that the proper definition of “sufficient” heat 
capacity should be a thickness of chill or sand beyond which an 
increase in thickness does not result in a significant change in 
solidification time. The differences of interpretation revolve 
about the term “significant.” We considered a 30 sec or 5 per 
cent decrease in solidification time by increasing the chill from 
21, to 44 in. as not significant considering the great increase in 
volume involved. Thus, from a practical standpoint it should be 
recognized that severely diminishing returns are met above 214 
in. thickness. 

{t should be observed that only the “start of freeze” curves for 
the 2795 and 2880 F curves coincide. The “end of freeze” curve 
is delayed by the higher superheat. The same behavior was 
shown by the sand wall series. We have noted this effect also 
in gray irons, ie., the displacement due to superheat is more 
pronounced for the “end” than “start” curves. The 85 F differ- 
ence in superheat actually is a difference in pouring tempera- 
tures. It should be expected that the higher the pouring tem- 
perature the more temperature loss will occur during pouring. 

The fact that sand walls did not indicate a thermal disturb- 
ance due to air gap formation does not preclude air gap forma- 
tion. Inasmuch as the interface temperatures of sand and metal 
are quite close the formation of an air gap would not necessarily 
provide a condition which would be reflected as a thermal dis- 
turbance. The effect is dependent on the thermal properties of 
the mold material and the interface temperatures which exist 
at the time of casting-mold separation. 

C. M. ApAMs (Written Discussion):* The authors are to be 
congratulated upon the precision and completeness of their 
painstakingly gathered data as well as its excellent presentation. 
It seems quite certain that thermal analysis presents the only 
satisfactory means of investigating alloy solidification. In par- 
ticular, the data constitutes an accurate measure of the effective 
resistance for the case of steel in a cast-iron mold. 

The writer feels, however, that the concept of “air gap” forma- 
tion is being badly overworked. The question of contact resist- 
ance for metals poured into metal molds is now being studied 
in the M. J. T. Foundry Laboratory. 

In all six of the thermal analyses shown in Fig. 3 and 4 it 
appears that the interface temperature difference behaves in the 
following fashion: The temperature difference starts out large, 
passes through a minimum, a maximum, and then slowly de- 
creases with time. If, for the sake of argument, the contact resist- 
ance is assumed to be fairly constant, the rate of heat flow is 
also passing through a minimum and a maximum. This is the 
sort of fluctuation which can be predicted on mathematical 
grounds, and does not require a discontinuous variation in the 
contact resistance for explanation. Essentially, a “heat wave” is 
being propagated into the chill, and the authors’ instrumenta- 
tion has been accurate enough to reproduce it. 

It should be emphasized that the magnitude of the fluctuation 
is less than one tenth of the total temperature drop, and would 
not appear to reflect anything as drastic as the sudden forma- 
tion of an “air gap.” Also the resistances before and after the 
fluctuation do not appear to be materially different; that is, the 
disturbances in the curves are somewhat localized. 

In addition, it is interesting to notice the fact that linear freez- 
ing rates are greater in the center of the casting than at inter- 
mediate points (the slope of the thickness vs time curves). This 
might well have some bearing on the phenomenon of “inverse 
chill” in cast iron. 


* Research Assistant, Massachusetts Institute of Technology, Cambridge, 
Mass. 
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Mr. PELuini: Mr. Adams’ statement to the effect that the 
“concept of air gap formation is being badly overworked” is 
very puzzling. If by this he means that an air gap does not form 
against chills we strongly disagree with him. There is so much 
evidence in the literature describing air gap effects that it must 
be accepted as a fact. Matushka® has shown that air gap forma- 
tion will break an electric circuit through an ingot and mold. 
Paschkis* has predicted it from his analogue studies. We at 
Naval Research Laboratory have shown in a number of ways 
that the air gap forms. We have shown that by mechanically 
maintaining the chill in contact with the solidifying metal the 
chill temperature will not indicate thermal fluctuations but will 
be heated to a temperature some 100 F higher than a chill 
which is allowed to separate from a casting. The only possible 
conditions where an air gap would not form at the chill inter- 
face would be when the metal was sufficiently hot to fuse to the 
chill, or when the chill was located at the bottom of the casting 
and gravity would maintain the casting in contact with the 
chill. 

Mr. Adams states that, assuming a constant contact resistance 
between the chill and solidifying casting the rate of heat flow 
is also passing through a minimum and a maximum. This also 
is difficult to believe. The experimental evidence as indicated 
by Matushka® and experiments which we have made at Naval 
Research Laboratory shows an initial rapid rate of heat flow 
which constantly diminishes as solidification continues. 

While the air gap between the intermediate size chill and the 
casting causes a drop of less than 10 per cent, this is significant 
when it is remembered that the tendency for the chill interface 
at this time is to rapidly rise in temperature. Contrary to Mr. 
Adams’ statement, the resistance before and after the air gap 
fluctuation do appear to be materially different. Before the air 
gap forms the resistance to heat flow is comparatively slight and 
permits a rapid temperature rise. After the air gap forms the 
resistance is increased to the point where the temperature in the 
intermediate chills falls slightly and then remains essentially con- 
stant. In the largest chills the temperature continues to fall 
after the air gap forms. In the smallest chill which the air gap 
increases flow resistance across the air gap to such an extent that 
the casting interface temperature actually recalesces. Such 
marked changes would not occur unless there was a sudden 
change in heat flow. 

As Mr. Adams points out, linear freezing rates at the cente: 
of the casting are greater than at intermediate points. This 
occurs despite the fact that the rate of heat flow from the ingot 
is less at this time than at any other time during solidification. 
Chis of course is due to the fact that the volume of liquid re- 
maining at the center of the casting near the end of solidification 
is very small. Actually, volume rate of solidification is constantly 
diminishing with time. We agree that the rapid linear rates of 
solidification at the center of the casting could be related to 
inverse chill in gray iron. 

C. E. Sims:* The authors presented an excellent paper which 
is very enlightening. There is every indication, moreover, that 
the work has been done with such care that the results may be 
accepted with considerable confidence. 

Several years ago, I studied the freezing characteristics of some 
8-in. by 8-in. ingots cast into iron molds with refractory hot tops. 
Freezing rates were measured by dumping at various intervals 
and by thermocouples placed at the center where the hot top and 
ingot join. In these tests, we found that superheat had very 
little effect on the time required for total freezing, much less 
than the 10 per cent to 15 per cent reported in these papers. 

Superheat definitely retarded the onset of freezing but after it 
started, the freezing rate was faster, with the result that the end 
of freezing was about the same. Apparently the only way this 
can be accounted for is by a difference in the air gap. With 
very low superheat, a frozen skin will form almost immediately. 
This will shrink away from the mold leaving a distinct gap. 
With high superheat, there will be a longer period before freez- 
ing starts. A thin skin may form but ferrostatic pressure will 
keep it in contact with the mold. In the meantime, the mold 
wall is being heated with the result that, when freezing does 
begin, there is a very small air gap and more efficient heat trans- 
fer from ingot to mold. This produces the faster freezing rate. 

In another test, 500 lb of SAE 1035 steel was poured into a 


% Assistant Director, Battelle Memorial Institute, Columbus, Ohio. 
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dry sand mold with walls 4 in. thick, to form a rectangular 
casting 9 in. by 18 in. in horizontal section and 12 in. high. A 
platinum platinum-rhodium thermocouple was placed at the 
geometric center of the casting. After pouring, the center tem- 
perature dropped to the liquidus temperature within 2 min and 
then remained constant until 45 min after pouring. Then during 
the next 15 min, it fell slowly to the peritectic temperature, indi- 
cating some ferrite crystals were forming. In the following 8 min, 
freezing was completed making a total freezing time at the 
center of 68 min. 

This casting had all the indications of freezing by the pro- 
gressive shell-type sequence and without a mushy stage. The 
principal difference between this casting and those described by 
the authors was the lower carbon content, and that may be suffi- 
cient to change the mode of freezing. If castings of medium 
carbon content do freeze by going through a mushy stage, it is 
difficult to see how clean, sharp, and empty shrinkage cavities 
are obtained. 

With cast iron, on the other hand, the mushy type of freezing 
seems quite obvious and that may readily account for the absence 
of large shrinkage cavities. 

J. B. Caine: * I was somewhat perplexed by Fig. 12 in this 
paper in comparison with Fig. 4 in the paper “Solidification of 
Gray Iron in Sand Molds.” See pages 425-434 in this volume. 
It seems to me that the rate of cooling between the liquidus and 
what is equivalent to the solidus range in iron is much faster 
than it is in steel. I wonder whether that would not explain 
some of the differences between feeding distances in iron and 
steel. It seems that the temperature gradients during solidifica- 
tion are steeper for iron than steel. 

Mr. PELLINI: Mr. Sims’ question regarding the absence of 
shrink voids on internal “pipe” in cast irons should be considered 


‘Foundry Consultant, Wyoming, Ohio. 
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from a standpoint of frequency of occurrence. We know that 
such voids are developed in gray iron but with less frequency 
than is noted for steel castings. The conditions which lead to the 
formation of such gross voids are the same for irons or steels—for 
castings or ingots. The concept of “mass flow” which, while not 
new has been relatively little appreciated, adequately describes 
the condition. “Mass flow” refers to movement of mushy metal 
which may occur to an appreciable extent before a point of co- 
herency is reached. Ordinarily this point is not reached until (0 
to 70 per cent solid has formed. Prior to this stage of coherency 
the solid-liquid mush existing at high points in the casting may 
move downward to compensate for shrinkage at low points. A 
void is left behind which we regularly recognize as a pipe or 
shrinkage cavity. 

Steel and iron castings which have been bled by forcing high 
pressure inert gases through the coherent mass which exists at 
late stages of solidification have shown the expulsion of the inter- 
dendritic liquid which existed at this time. Radiographs of sec- 
tions of these castings show a fine network of solid having a lace- 
like appearance. This was direct evidence that a mushy condi- 
tion existed almost completely through the casting section for 
both steel and gray iron. Figure 18 shows details of the radio- 
graphs obtained. 

Mr. Caine’s question relative to width of the band of freezing 
in the case of the iron as compared to that of the steel requires 
consideration of the respective constitutional diagrams. For a 
given mold condition (chill or sand) the solidification band 
thickness is determined primarily by the temperature difference 
between the liquidus and solidus. Thus, gray iron eutectic solidi- 
fication,by virtue of the narrow temperature range encompassed, 
results in a narrow width of solidification band. For the same 
metal, dendrite solidification proceeds over a broad band since 
a much broader range of temperatures are encompassed between 
the liquidus and solidus points. Essentially, the same conditions 
exist for austenite dendrite solidification of the steel,, hence 
similar solidification bands are developed. 





Fig. 18 — Radiographs 
of Y-in. thick slices 
from center of steel 
(Right) and gray iron 
(Left) castings which 
were bled by forcing 
high pressure inert gas 
through a_ permeable 
core. The thickness of 
solid skin and the re 
gion of intermixed li 
quid and solid are as 
predicted by thermal 
measurements. 














alre 
and 
tent 
an | 
but 
prox 
defo 
tion 
ties 
ture 
teria 
com 
ava 
mol 
ever 
sure, 
with 
defo: 
defo 
to sé 





60 
icy 


or 





TESTING OF SAND UNDER IMPACT 


By 


Wm. H. Moore* 


IT MIGHT BE SAID that the field of sand testing is 
already overcrowded with routine and special tests 
and that all we really need is grain analysis, clay con- 
tent, permeability, moisture, compressive strength and 
an occasional refractoriness test. This may be true 
but even these tests fail to indicate completely the 
properties of each and every sand. Introduction of the 
deformation test has imparted some valuable informa- 
tion, particularly with regard to the tempering quali- 
ties of a sand and it is now easy to see when the mois- 
ture is in excess of that required by the bonding ma- 
terial. Also, the product of deformation and green 
compressive strength gives the toughness or resilience, 
a valuable aid to overcome such defects as cuts, scabs, 
mold drops and rat-tails. The deformation test, how- 
ever has a disadvantage in that it is difficult to mea- 
sure, particularly in the case of synthetic sands bonded 
with fireclay and cereal binders. These sands tend to 
deform rather than break, and the end point in both 
deformation and green strength is sometimes difficult 
to see. Also, these sands are often used dry and the 
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deformation cannot conveniently be measured in the 
dry state. 

In order to provide a new measure of this obviously 
important property of toughness, a simple piece of 
apparatus was constructed utilizing the principle of 
the familiar Izod impact test. This apparatus in its 
simplest form is shown in Fig. 1. 

The release point of the pendulum is raised sufh- 
ciently above the horizontal so that the free-swinging 
pendulum will overcome frictional resistance and 
come to rest in a completely horizontal position. 

In all initial tests using this apparatus, a standard 
A.F.S. 2-in. diam sand specimen was used and a strik- 
ing energy of 11,550 gram-centimeters was obtained 
according to the weight and striking height of the 
pendulum chosen. As this apparatus was later aban- 
doned, it is not thought pertinent to record its con- 
struction in any great detail. 

The tests conducted with this simple apparatus 
were quite illuminating and paved the way for ex- 
tension of this method of testing. Table 1 shows re- 
sults obtained with a weakly-bonded synthetic sand as 
the moisture content is varied. 
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TABLE | 
Kg/cm 
Moisture % Green Compression, psi Green Impact 

3.8 3.7 6.15 
4.0 5.4 7.35 
4.2 6.1 7.30 
5.2 5.0 7.75 
5.5 6.4 8.15 
6.0 5.9 8.30 
6.4 6.0 7.85 
8.2 5.6 8.90 
8.7 6.0 9.30 
10.0 4.8 7.60 





It is apparent from these results that the point of 
maximum compressive strength and maximum impact 
strength do not fall at the same moisture content. The 
point of maximum impact strength falls at a higher 
moisture content. 

By taking a new natural-bonded sand and varying 
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the degree of temper, the results shown in Table 2 
are obtained. 
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TABLE 2 
Green Green 
Moisture P. Compressive, Deformation, Impact Toughness 

% No. psi in. Kg-/cm 
52 42 18.0 0.009 6.45 167 
6.1 42 18.0 0.008 7.60 148 
7.0 42 17.2 0.009 7.42 155 
7.6 40 15.5 0.010 7.85 155 
8.8 30 12.4 0.040 8.29 496 
11.8 16 12.2 0.044 9.25 537 
12.6 6 11.0 0.045 9.08 195 





The column headed Toughness represents the prod- 
uct of the green compressive strength and the defor- 
mation. These results show that the point of maxi- 
mum toughness is co-incident with the point of maxi- 
mum impact strength. It may be stated therefore that 
the impact test is a reliable means of measuring the 
toughness of a molding sand and hereafter the strength 
obtained by impact testing will be referred to as the 
toughness. This assumption is further confirmed by 
the results obtained in a synthetic mix and recorded 
in Table 3. 








TABLE 3 
Green Green 
Moisture P. Compressive, Deformation, Impact Toughness 
% No. psi in. Kg-/cm 
5.0 49 72 0.012 5.20 86 
6.4 46 8.6 0.014 5.30 120 
72 44 7.9 0.021 6.60 166 
8.4 42 6.7 0.007 5.85 47 
9.5 40 7.4 0.008 6.00 59 
12.5 9 5.6 0.007 5.84 39 





Several tests were conducted on baked samples and 
typical results are shown in Table 4. 


TABLE 4 





Green Dry Green Dry 
Compressive Compressive Impact Impact 





Iype Strength, Strength, Strength,Strength, 
psi psi kg-cm kg-cm 
Green Sand Facing 7.9 28.0 6.60 8.00 
New Sand 17.2 27.0 7.42 6.60 
Dry Sand Facings 
(Cereal Bonded) 9.0 88.0 9.25 18.50 





The results are illuminating. In the case of the dry 
sand facing, the dry compressive strength is 9.5 times 
the green compressive strength whereas the dry im- 
pact strength is only twice the green impact strength. 
Baking a sand therefore does not increase the tough- 
ness as drastically as the compressive strength. This 
is not difficult to understand if the function of a bind- 
er as a wedge between sand grains is considered. 

The conclusions fron: these initial tests may be 
briefly summarized: 


Conclusions 


1. Impact testing is a direct indication of the 
toughness of a molding sand. 








2. The impact strength increases with increase in 
moisture content to a definite maximum. This maxi- 
mum is usually coincident with the point of maxi- 
mum resilience as measured by the deformation test 
and is not coincident with the point of maximum 
green strength. 

3. The impact strength is only improved by dry- 
ing in the case of sand containing a dry sand bond. 
In the case of ordinary green sand, the impact strength 
is only increased 114 times by drying but in cereal- 
bonded sands, the impact strength is doubled by dry- 
ing. 

As a result of this work, it was decided to apply 
the method of measurement to the high temperature 
behavior of sands to obtain toughness measurements 
which hitherto had not been available. The form of 
the apparatus used was slightly modified as described 
below. 

Until reliable indications of the worth of impact 
testing under temperature conditions could be estab- 
lished, it was decided to use a simple pilot apparatus. 
This is shown diagrammatically in Fig. 2. The move- 
ment of the pendulum was followed by means of 
light reflection from a mirror onto a greatly magni- 
fied scale and the furnace used for heating was en- 
tirely separated from the impact tester. 
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Fig. 2 


Details of the testing method are somewhat as fol- 
lows: 

1. The striking weight is 100 grams with a striking 
height of 50 centimeters, thus developing a total strik- 
ing energy of 5000 gram-centimeters. 

2. The indicator is in the form of a plane mirror 
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fixed to a scale arranged at a suitable distance to give 
magnification of eight times the actual spindle move- 
ment. Although the patch of light moves rapidly 
over the scale, it is easy to observe its position as it 
momentarily comes to rest before changing direction. 
The scale is calibrated by means of a master chart 
marked out in centimeter drop divisions and gradu- 
ated directly in hundreds of gram-centimeters. 

3. The specimen size is of 34-in. diameter instead 
of the standard 114-in. specimen used for hot strength 
measurements. The reason for this change was to 
suit the available furnace tube. It was thought that 
using such a small specimen for a heterogeneous ma- 
terial as sand might give erratic results but instead, it 
was found that good reproducibility combined with 
greater sensitivity was obtained. 

Figure 2 is a sketch showing the apparatus with 
details of striker and specimen holder which fits in a 
metal base plate provided with a 14-in. location hole. 


Furnace 


This consisted of a 114-in. diameter silica tube 6 
in. in length and surrounded by a combustion cham- 
ber. Two blow lamp flames passed tangentially into 
the furnace chamber and the temperature was re- 
corded by means of a base metal pyrometer, the 
thermocouple being placed inside the silica tube just 
above the sand specimen. Temperature control was 
difficult but tests from 300 up to 800 C (572 to 1472 
F) were conducted. 

Specimens were rammed by means of a double com- 
pression method which insured a constant rammed 
density. 


Procedure for Hot Tests 


The sand specimen is placed inside the metal speci- 
men holder, and the whole is pushed vertically up- 
wards into the furnace tube, which has already been 
raised to the desired temperature. The specimen and 
holder are held for the desired soaking time, then 
rapidly lowered and transferred to the testing mach- 
ine when the pendulum is released. It was found that 
the specimen could be transferred from the furnace 
and tested in from 5 to 10 sec. In this period of time 
there could be very little temperature loss in the sand 
body, so that to all intents and purposes the test is 
conducted at the furnace temperature. 

The reproducibility of tests conducted on this ap- 
paratus may be gaged from results in Table 5. 








TABLE 5 
Oil core sand with 2% iron oxide 
Energy Re- 
Temperature Average Re- quired to Frac- 
of Test Readings sidual Energy ture in gm-cm 
10C(104F) 38, 38,38,38,37 37.5 12350 


37, 37, 37, 38, 38 
37, 37, 38, 37, 37 
38, 38 





Where the samples were tested hot the results were 
equally reproducible as may be seen in Table 6 and 7. 







TABLE 6 
Oil core sand baked in foundry oven 





Energy Re- 


Temperature Average Re- quired to Frac- 





of Test Readings sidual Energy ture in gm-cm 

Green ‘37, 37,37, 37.0 ‘) Meet 
40 C (104 F) 27, 28, 29, 28.0 2200 
300 C (572 F) 34, 34, 34.0 1600 
400 C (752 F) 33, 33.0 1700 
500 C (932 F) 38, 38.0 1200 
600 C (1112 F) 40, 40, 39 39.6 1040 

TABLE 7 


Dry sand facing with 2% iron oxide baked in foundry oven 





Energy Re- 


Temperature Average Re- quired in Frac- 


of Test Readings sidual Energy ture in gm-cm 
40C(104F) 30, 30, 28, 28, 29.0 2100 
500 C (932 F) 32, 28, 30.0 2000 
600 C(1112F) 32,31, 33, 32.0 1800 
700 C (1292 F) 32, 33, 35, 33.3 1670 
800 C (1472 F) 38, 36, 35, 36.3 1370 





At this stage a nichrome-wound furnace was con- 
structed and more complete tests were run under a 
variety of heating conditions. The soaking period 
was limited to 5 min as this was demonstrated to be 
sufficient for heating a 34-in. diam specimen through- 
out its mass. 

The results of all the experiments conducted are 
shown in graphical form only, in order to conserve 
space. The scales are chosen proportional to the ac- 
curacy of the,measurements and each point is the av- 
erage of three tests, unless erratic results indicated 
the need for more tests. This was seldom the case. 

In each case the results obtained on the base sand 
without benefit of binders are given for comparison. 
Retained strength tests were made after allowing the 
sample to cool to room temperature before breaking. 


Resin-Bonded Sands 


Figure 3 indicates the hot toughness of the base 
sand bonded with 2 per cent pine resin. In this curve 
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an initial increase at 400 F follows melting of the 
resin bond and flowing around the sand grains. In 
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the retained strength curve, the same increase is evi- 
dent, only to a greater degree. This is due to hard- 
ening of the flowed resin on cooling to room tempera- 
ture. After 400 F the toughness decreases steadily to 
800 F. At 1000 F there is a peak hot strength value 
followed by a smaller secondary peak value at 1400 
F. In other words, the strength falls more rapidly 
from 1000 F to 1200 F than it does from 1200 F to 
1400 F indicating an opposing influence at work be- 
tween 1200 F and 1400 F. In the retained strength 
curve this secondary peak is more pronounced, The 
peak values at 1000 F and 1400 F are undoubtedly 
due to coking of the resin bond which apparently 
takes place in two stages. 


Oil-Bonded Sands 


The behavior of the base bonded with raw linseed 
oil is shown in Fig. 4. The baked strength is shown 
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at 4000 gm-cm. The hot toughness is gradually iow- 
ered to 600 F, after which it falls more rapidly. How- 
ever, even at 1600 F, the sand still has a fair degree 
of toughness which is in all probability due to the 
clay content of the mixture. Iron oxide appears to 
contribute to hot toughness from 800 F on whereas 
cereal appears to decrease the hot toughness with the 
exception of a peak value at 1400 F. It is possible 
that the cereal promotes reducing conditions which 
affect the iron oxide thereby increasing the hot 
strength beyond 1000 F. This is counteracted by col- 
lapse of the oil and cereal beyond 1400 resulting in 
a general lowering of the hot strength. 


Molasses-Bonded Sands 


Studies of these have been included in Fig. 5 and 
indicate the tremendous bonding power of 3 per cent 
molasses. There is a regular drop in hot strength as 
the temperature is raised and indications of an arrest 
value at 1000 F and 1400 F. This is confirmed by re- 
tained strength experiments. This curve shows defi- 
nite peak values at 1200 F and 1400 F, probably due 
to a coking propensity, as in the case of resin-bonded 
sand. The retained strength remains moderately high 
over the whole temperature range, and so does the 
hot toughness. Combined arrowroot starch is pre- 





TESTING OF SAND UNDER IMPactT 


dominantly the same up to 1000 F after which it as- 
sumes the characteristics of the starch curve. The 
range up to 1000 F due to molasses is somewhat les- 
sened by the increase in strength due to the starch. 
Beyond 1000 F the increase due to starch is more 
pronounced than the loss due to molasses, so that the 
overall effect is an increase in toughness. Molasses as 
a bond imparts a good degree of strength through the 
0 to 1600 F temperature range and does not collapse 
readily on cooling to room temperature. Starch gives 
an increase in hot toughness between 600 F and 1200 
F. Combining starch and molasses appears to capture 
the characteristics of both. 
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These results may all be summarized briefly. 


Summary 


1. Impact testing of sands at elevated tempera- 
tures is a reliable means of indicating their strength 
at these temperatures. The test is not subject to any 
rate of loading defect. 

2. Resin-bonded new sands containing clay show 
a fair degree of hot and retained toughness in the 
temperature range 0 to 1600 F. They exhibit peak 
values according to the behavior of the resin on 
heating. 
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3. Oil-bonded new sands begin losing strength at 
and above 800 F. 

4. Arrowroot starch is unusual in that it promotes 
a high hot toughness. This is, undoubtedly, due to 
its property of melting when heated. 

5. Molasses gives good baked toughness and the 
hot toughness and retained toughness remains mod- 
erately high over the temperature range 0 to 1600 F. 

The work already done with this method of test- 
ing was considered sufficiently accurate and repro- 
ducible to warrant the construction of a better de- 
signed and more substantial piece of equipment. The 
apparatus is described in Fig. 6 and was built for 
both toughness testing and gas evolution measure- 
ment. As this particular work is concerned only with 
toughness testing, the gas evolution equipment will 
not be considered. 


Description of Apparatus 


The sand to be tested is weighed on the balance 
(15) (Fig. 6) and the specimen is prepared in the 
double compression split specimen tube (14). The 
specimen measures 34 in. in diameter and 2 in. long. 

To run a test, the furnace (1) is raised to the de- 
sired temperature as indicated by the pyrometer (13). 
The current input to four globar heating elements 
(34-in. diam) is varied through the powerstat trans- 
former (17) by rotating the handle (20) and reading 
the ammeter (12). 

The specimen is inserted in a stajnless steel or re- 
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fractory holder (not shown) and placed on the re- 
fractory post (18) which rests on a support (3) which 
rides on the guides (2). The support is raised to place 
the specimen in the heating zone at the center of the 
furnace and is held there for the desired soaking 
period. The support is then raised further so the 
specimen is located between the guide rollers (4) 
when the support is at the top of its travel. The 
switch (13A) is thrown to activate the electromagnet 
(8) which releases the pendulum and striker (5) and 
breaks the specimen. The swing through of the pen- 
dulum is measured by means of the eccentric cam (6) 
and the dial-gage (7). This dial-gage is fitted with a 
braking device which holds the indicator at the top 
of its travel and the whole is calibrated initially from 
the pendulum position. The calibration curve so con- 
structed and shown in Fig. 7 allows a direct conver- 
sion from thousandths of an inch, shown on the dial- 
gage, to toughness units. 

It should be noted on the calibration curve given 
in Fig. 7 that the strength or toughness has been re- 
corded in Toughness Units instead of gram-centi- 
meters of energy required for fracture. Under this 
nomenclature a toughness unit equals 10 gram-centi- 
meters of energy. 

All the points recorded on the graphs in the data 
following are the average of three or more determina- 
tions. This was done to conform with the testing 
procedure developed during pilot investigations. In 
order to conserve space graphical results have been 
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given rather than tabulations of the exact experi- 
mental data. 


Effect of Heat on Molding or Core Sand 


When a sand surface is subjected to heat by radia- 
tion or conduction, several things may be expected to 
happen as sand is a composite material. If, however, 
we consider only the silica grain and the clay grade 
in a sand at this. time we can considerably simplify 
the whole problem. 


Silica and Heat—Pure silica when heated undergoes 
a number of allotropic changes accompanied by 
changes in expansion co-efficient and by volume 
changes at the temperature of allotropic change. The 
degree of change in a sand will vary according to the 
relative purity and amount of silica in the sand. The 
important change from the foundryman’s point of 
view is illustrated in Fig. 8 which shows the volume 
change during heating of pure quartz. 


Silica Expansion and Temperature 
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The a to & conversion is around 1062 F and is pre- 
ceded by a large volume increase. At 1062 F there is 
a sudden contraction followed by a slow contraction 
until the & quartz begins to change to cristobalite. 
In a sand body this 1062 F change is important be- 
cause the outside layers of sand reach the inversion 
temperature and begin contracting while the inside 
layers which are still at a lower temperature are ex- 
panding. This sets up disrupting forces in the sand 
leading to expansion cracks and fracture of the sand 
body. 

Another extremely important factor in a sand body 
is the relative ability of the silica grains to move one 
against the other when expanding or contracting due 
to temperature changes. If a grain has no place to go 
when expanding, it will displace an adjacent grain, 
thus leading to ultimate displacement of the surface 
grains. The ability of the grains to move is depend- 
ent on the pore space and closeness of packing of the 
grains due to the degree of ramming. This closeness 
of packing with a given ram is largely influenced by 
the grain shape and the uniformity of grain distribu- 
tion. Thus, an extremely uniform rounded grain is 
likely to pack closely during ramming and give a 
greater tendency to rupture when the grains change 
in volume due to heat. On the other hand, a less 
uniform angular grain would be expected to give a 
less dense packing with the same degree of ramming 
leaving more space for the individual grains to adjust 
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their position when expanding. 

The relative ability to pack during ramming may 
be measured by the flowability test and a comparison 
between flowability and expansion supports the above 
assumptions. This is shown in Fig. 9 and is the re- 
sult of experiments conducted by H. W. Dietert. Tlie 
results show that as the flowability (or the ability to 
pack) increases, the expansion on heating increases. 
This fact can only be explained by consideration of 
the void spaces between the grains. It may also safely 
be assumed that with the same grain shape and dis- 
tribution the hardest rammed sand body will exhibit 
the greatest expansion. 


Flowability and Expansion 


A.F.A, Dietert 


Flowabili 
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Figure 9 

Clay and Heat--Due to the large number of clay 
types used in molding sand, the effect of heat in clay 
can only be dealt with in a general way. Specific re- 
sults can only be confined to a single clay type. 

In general, clay, when heated, loses water and ex- 
hibits a contraction in volume. The degree of con- 
traction and the temperature at which the maximum 
contraction takes place varies with the clay type. 

The loss of water is accompanied by the evolution 
of steam which sets up a frictional force or a definite 
pressure inside the sand body. Further than this the 
steam which travels inwards from the heated portion 
or face of the sand can condense in the interior layers 
of cooler sand and exert a profound influence on the 
strength and subsequent behavior of these interior 
layers. 

It is possible by having the correct balance between 
silica grain and clay amount, and by having a good 
distribution of this clay through the sand, to have a 
resultant sand body which neither expands nor con- 
tracts. The importance of non-expanding or contrac'- 
ing sand has been highlighted by expansion measure- 
ments on the dilatometer and all defects such as 
buckling, rat-tails, veining and penetration have been 
attributed to differential expansion in sands. 

While not under-estimating the importance of a 
well balanced sand from the expansion point of view, 
it is the purpose of the experiments described in this 
paper to focus attention on an equally, if not more 
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important, phase of sand behavior under heat influ- 
ence viz. the degree of hot toughness and the rate of 
development of hot toughness. 

It was felt that if a sand had sufficient hot strength 
during the period when expansion forces and gas pres- 
sure forces were at a maximum, to resist the spalling 
forces developed without rupture, it would be essen- 
tially a nonbuckling sand. It might, however, be sub- 
ject to veining or light rat-tails when the expansion 
forces were high enough to cause cracking of the 
mold surface. 

It was further felt that the critical period would 
fall during pouring or after gate solidification because 
if the ferrostatic pressure acts fully against the mold 
surface it should help offset any disrupting forces. In 
support of this argument we have the fact that large 
flat surfaces subject to heating by radiation during 
pouring are more prone to defects and that the rate 
of pour is extremely important. Pouring slow often 
gives a lot of buckling which could be eliminated by 
pouring fast. 


Temperature of Test 


In selecting the most informative temperature of 
test, the rate of heating of an average sand body was 
considered. This is brought out forcefully in Fig. 10, 
representing the temperatures obtained in a sand 
body at various distances from a 2 x 6 x 6-in. steel 
casting poured at a temperature of 2850 F. 


457 





experimental difficulties, it was decided to use the 
2000 F range for hot toughness tests. Another reason 
for the selection of this temperature is that it is 
generally agreed that above 2000 F sand loses strength 
extremely rapidly. It is extremely doubtful from all 
the evidence we have that anything more than the 
extreme surface of a mold gets heated above 2000 F in 
a period of less than say 2 min. 
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It should be noted that the maximum temperature 
in the sand 14 in. from the metal poured at 2850 F 
is only 2280 F, and that it takes 390 to 450 sec to 
reach this temperature. Because of this and because 
a test temperature of 2500 F would involve greater 


Buckling in Green Sand 


To more directly attack the problem of buckling 
and allied defects it was decided to investigate the 
basic differences between a sand known to buckle in 
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the foundry and one which did not buckle on the 
same castings. Because of the obvious importance 
of the first minute of shock heating, tests were run at 
15 sec, 30 sec, 45 sec and 1 min of shock immersion 
and then followed with tests at 2 min, 4 min and 6 
min, to allow full heating of the test samples through- 
out their diameter. Tests were conducted on green 
unbaked samples. 

All results are an average of three or more readings. 

Figure 11 shows results on a system sand having 
the following basic grain distribution and properties:— 


Mesh System Sand 


6 0 
12 0.5 
20 1.1 Permeability 99 
30 1.3 Green Compression 10.0 
40 3.7 Moisture 3.7 
50 10.2 
70 30.2 Ventability 7. 
100 25.5 Bondability 85.0 
140 11.0 
200 3.1 
270 1.4 
Pan 0.4 
Clay 11.60 


This Fig. 11 refers to two samples, the mixes being 
as follows:— 





System at July 14 Special Facing 








400-qt Batch 82-qt Batch 

System Sand 1 hopper 4 pails 
Ottawa No. 50 B pails 2 pails 
Minco Bond 5% qt 2 qt 
Green Bond 234 qt 2 qt 
Permibond 1 qt 

Ajax 1 qt 
Sea Coal 4 qt 
Fuel Oil 1 qt 





The special facing eliminated buckling on a 3 to 4- 
in. section casting and on other jobs where the system 
sand gave trouble. 

In a conventional hot strength test using a soaking 
period of 2 min or longer this special facing would 
have a lower hot strength (or hot toughness as 
measured on the toughness tester) than the regular 
system sand. This would lead us to believe that 
the lower hot strength is more advantageous to over- 
come buckling, or that hot strength has no influence 
on buckling. 

Hot toughness tests on short soaking periods to 
simulate conditions encountered during pouring, 
however, show a remarkable difference between the 
two sands. The special facing or non-buckling sand 
gives a sharp increase in hot toughness in the first 
45 sec oi heating, whereas the buckling sand remains 
at a low toughness during this same period. This 
increase in the hot toughness of the. special facing 
is put down to the influence of corn flour (Ajax) 
and the increase is evidently sufficient to prevent 
rupture of the mold surface by the expansion and 
gas pressure forces. 

The behavior of the two sands were confirmed by 
ramming a 5 in. x 7 in. cope and placing these copes 
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34, in. above a pool of metal thus allowing the radiant 
heat from the metal to play on the cope surface. The 
system sand cope dropped after 30 sec of heating 
whereas the special facing held up until the iron 
was solid and afterwards. By ramming soft spots on 
these copes they could be made to drop on heat 
exposure. This again illustrates the importance of 
hot strength because the expansion forces and gas 
pressure forces would presumably be less in the soft], 
rammed areas. 

To improve the system sand in this foundry, corn 
flour and Western bentonite were introduced into 
the system sand. Hot toughness tests confirm the im- 
provement in freedom from buckling found in the 
foundry. 

The mix used was:— 


System Sand 1 hopper 


Ottawa 50 8 pails (96 qt) 
Green Bond 8 qt 
Corn Flour (Ajax) 6 qt 
Sea Coal 3 qt 
Fuel Oil 3 qt 


This is a 400-quart batch. 


Toughness of System 


Sand 
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Toughness 





j 10 20 30 40 50 60 70 80 
Seconds Immersion at 2000°F 
Figure 12 


The results are shown in Fig. 12 and were run 
with a 140-gram striker and up to 80 sec of immersion. 

The toughness as a whole is high and the desirable 
increase in 30 sec of heating is prevalent. The drop 
off from 30 sec onward is quite marked and indicates 
the desirability of pouring molds made in this sand 
within 40 sec or less to avoid any defects due to the 
strength drop-off. 


Buckling in Dry Sand 


Buckling does not occur as frequently in dry sand 
as in green sand although from the expansion point 
of view we would expect the same if not more trouble 
as some of the clay contraction is lost during drying. 
The dry sand surface of the mold does have a greate1 
degree of strength and is further protected by a layer 
of wash so we would expect a greater resistance to 
buckling. 

When buckling does occur in dry sand it is usually 
very severe and can cause a lot of trouble. A dry 
sand in the buckling condition and in the non-buck- 
ling condition gives the hot strength curves shown 
in Fig. 13. All tests were made on baked samples 
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Dry Sand System 


4 
Samples Baked 300 Gram Str r 


12 Volcla 
20 Oiless 


Toughness Units 


Original 


3 4 
Mimutes Soaking at 2000°F 


Figure 13 


with the 300-gram striker and the sand tested is a 

natural-bonded system sand containing oilless-binder 

and a volclay addition to improve hot toughness. 
The mixes under consideration are as follows: 








Buckling Non-Buckling 
System Sand, Ib 1900 1900 
Taggart Gravel, Ib 600 600 
Oiless Binder, qt 20 20 
Volclay, qt 12 


The volclay addition was to increase toughness and 
to help consolidate the burnt out clay in the system. 
Later the amount of volclay and oiless binder as well 
as the new sand was reduced without loss in strength. 
The change-over of this sand eliminated the buckling 
troubles which had caused quite a few scrapped cast- 
ings. 

In Fig. 13 we may see that the toughness drops 
quite considerably on shock immersion, but that with 
the volclay addition it remains at a high enough 
value apparently to keep away from defects. Later 
results show a smaller drop in strength during this 
first minute as the system sand has approached a 
better condition by continued mulling in of the 
volclay. 


Increasing Hot Toughness of Green Sand 


In dealing with buckling in a green system sand, 
it was shown that Ajax corn flour increased the rapid 
hot strength quite markedly. There is no doubt but 
that many other binders could achieve the same pur- 
pose, but time and space does not allow a description 
of all the possibilities. A few tests, however, were 
run on a regular green sand to study the effect of 
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some binders. It would seem that the type of ma- 
terial which melts readily and retains its original 
form or flows around the sand grains would impart 
a degree of hot toughness. 

The basic sand used for the tests described is:— 


Heap Sand 27 shovels 
Taggart O 3 shovels 
‘lichigan City 1 shovel 
Oiless Binder 3 quarts 


Thus, all tests will be influenced to some extent by 
the oiless binder and the behavior of the binders tested 
would not necessarily be the same in a different base 
sand. 

Results with several cereal binders in this base 
sand are shown in Fig. 14. 
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Figure 15 


Incidentally, the base sand used in these tests is 
liable to buckling when castings are poured slowly 
or where the sand is worked slightly on the wet side. 
A kordek binder addition of 2 quarts which is ap- 
proximately 2 per cent by volume would give better 
buckling resistance in this sand. The 1 per cent 
glutrin binder also helps considerably, but of course 
glutrin should be watched from the moisture pickup 
point of view. 
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It should be noticed that the majority of these so- 
called “cushioning agents” which are presumed to 
stop buckling because of a decrease in expansion due 
to increased void spaces, also impart a degree of hot 
toughness to the sand during the critical first minute. 
This may be seen for example in Fig. 15. It is felt 
that this increase in strength is the factor that really 
stops buckling because very little cushioning action 
results from some of these binders if the change in 
permeability with ramming may be regarded as an 
index of cushioning. 


Dilatometer Confirmation 


In view of the somewhat unusual curves obtained 
it was decided to confirm some tests on a dilatometer. 
This involved considerable experimental difficulty 
with the 15 and 30 seconds soaking periods, but the 
results were checked several times and confirmed. 
The dilatometer curves is shown on the same graph 
as the toughness indicator curve in Fig. 16 and the 
degree of correlation is excellent in that curves show 
peaks and valleys at the same immersion times. 
The strength drop of from 420 psi to 40 psi, or 
from 172 gram-centimeters to 102 gram-centimeters 
in the first 30 seconds of heating is quite amazing. 


Conclusions 


1. A method of testing has been developed which 
gives a reliable measure of the toughness of a mold- 
ing or core sand in the high temperature condition. 

2. It has been found that the drop in toughness 
usually obtained in the first minute of shock heating 
is intimately associated with the formation of buckles 
and other expansion defects. 
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3. By increasing the hot toughness during the first 
1 min of shock heating it is possible to overcome 
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expansion defects in both green and dry sands. 

4. The peculiar behavior of a special core sand 
during a 5 min shock heating cycle has been con- 
firmed by dilatometer measurements. 

5. Many so-called cushioning agents increase rapid 
hot toughness and this fact may be the chief reason 
for their efficiency in overcoming expansion defects, 


DISCUSSION 


Chairman: C. A. SANDERS, American Colloid Co., Chicago. 

Co-Chairman: H. W. Dterert, Harry K. Dietert Co., Detroit. 

Co-CHAIRMAN Dietert: Would you say that a 11%-in. by 2-in. 
specimen would be a good specimen for impact testing? If so we 
could then standardize more or less on a 114-in. specimen for 
high temperature tests. Would you be agreeable to the 11{-in. 
by 2-in. specimen? 

Mr. Moore: In the interest of uniformity it would be well to 
use a standard size specimen. However, I feel there is some loss 
in sensitivity as you go to the larger specimens. I would presume, 
although I have not tried it, there would be some loss in sensi 
tivity in going to the 114-in. specimen. 

Co-CHAIRMAN DreTert: Figure 16 showed a correlation be- 
tween hot strength and hot impact toughness. The shape of the 
curves is identical for both methods. The hot impact toughness 
curve, I assume, was made using the 34-in. diam specimen and 
the hot strength curve was made using the 114-in. specimen. 
Using Fig. 16 as an index, I believe that one might assume that 
the sensitivity is about alike on the two sizes of specimens. From 
your remarks it might be in order to state that the smaller the 
specimen diameter the more sensitive the test due to quick heat- 
ing, but your graphs do not confirm this. 

Mr. Moore: We cannot draw any conclusions from the graph 
simply because in one case we are using a toughness test and in 
the other case a different method of strength testing entirely. 
We are not measuring the same property in those two tests. We 
have shown that the general trend is in the same direction, but 
as to the height of drop, we cannot assume that the size of the 
specimen has anything to do with it. We are more correct in 
presuming that the type of strength is more significant. 

J. A. Rassenross:* I would like to bring that up again. Your 
answer to Mr. Dietert’s question said two things. It said that the 
indications of the two types of elevated temperature tests were 
alike and that they were different, of which, of course only one 
conclusion can be true. What I am getting at is this: Do we 
measure anything new with this test? Can there be any differ- 
ence in the property you are measuring when the data curves 
are almost an exact parallel? Why should we introduce a new 
method of testing to an already formidable array if we do not 
get something new out of it? 

Mr. Moore: Toughness is definitely a different type of strength 
from green compressive strength or whatever compressive 
strength we are taiking about. I am sure we are measuring a 
different property. It is the same as making an impact test on 
a metal in order to arrive at a certain index of toughness in the 
metal. In sand we must apply the same line of reasoning. 

By making tests in the green condition they are more repro 
ducible because we do not have the effect of heating. We have 
found that impact strength is different from the green com- 
pressive strength and a relatively low toughness and vice versa. 
There is a definite difference in these and the properties are 
useful. Green compressive strength is no index of moldability. 
Sand is under tensile and shear forces and hence, with a respec- 
tively high compressive strength you can have drops and fall-out, 
but if you have a tough sand you will never get that condition. 
You can measure with this test about the same thing as with the 
deformation gage and the compressive test combined. 

It is a value we previously arrived at by two methods and this 
represents a single method of arriving at that same answer. } 
think it has been shown in the past that the deformation prop- 
erty of a sand is quite important. I am introducing a new 
method of measuring the same thing. 

Co-CHAIRMAN Dietert: I have one point which might be well 
to clarify. We have A.F.S. toughness value now. I wonder if Mr. 
Moore would be agreeable to calling this what it is, impact. Then 


1 Research Metallurgist, American Steel Foundries, E. Chicago, Ind. 
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our literature would be more correct, that is, when we speak of 
impact we call it impact. Thus we would have green impact, 
dry impact, etc. I wonder if Mr. Moore would agree to such 
terms in place of using “toughness,” which is misleading. 

Mr. Moore: I think that the use of the word “impact 
strength” is probably more correct. However, it was because | 
did not want to introduce anything new and I wanted to express 
this in terms of some property we already had that I used the 
word “toughness” in the first place. But “impact strength” is a 
better way of designating it. 

J. B. Catne: * I wonder if Mr. Moore would elaborate on his 
correlation between this test and actual castings. Correlation is 
mentioned in a number of cases, but usually is dismissed with 
one line. A number of very definite statements have been made 
and have not been limited to iron. 

Mr. Moore: It is difficult to give these details at the moment 
and they are not in the paper. The metal that was used in these 
castings was iron. However, I thought we were dealing with sand 
rather than metal. What we actually did, was this. We took a 
sand which gave buckling in the foundry under specific molding 
conditions and tested it. It gave a curve showing a drop in im- 
pact strength in the first minute of shock heating. We then took 
another sand which did not buckle under the same casting con- 
ditions and tested it. In this case the curve showed an increase 
in impact strength during the first minute of shock heating. 

Mr. Caine: Did the sand produce buckling in every casting 
in that foundry? 

Mr. Moore: No, only in that particular casting. 

Mr. Caine: Can you describe that casting? 

Mr. Moore: The castings were essentially flat type castings 
weighing around 100 Ib and having sections up to 3 in., usually 
with flat copes made in green sand. 

Mr. CAINE: How was it gated? 

Mr. Moore: I realize that the method of gating and the speed 
of pouring and many other factors affect buckling. The object 
of this test was to see whether there was any method of measure- 
ment which we could do in the laboratory which would distin- 
guish which sand, under the condition of casting, would give 
buckling and which would not give buckling. This measurement 
proved to show a difference and since that uiue, by careful ob- 
servation we have been able to set a tentative value of some- 
where around 100 toughness units being sufficient to prevent 
buckling. 

I will agree if the gating is changed, or the type of casting, 
you might run a much lower value and still do a good job. 

Mr. Caine: What you are advancing, Mr. Moore, is a control 
test, which to you is superior to any other control test you know 
of. Is that right? This is not an evaluation test for sand. The 
more I think of it, the more important I think it is to differen- 
tiate between these two types of tests. If you say this is a con- 
trol test on that particular sand then I agree with you. How- 
ever, | am very skeptical that this test can be used as an evalua- 
tion test. 


2 Foundry Consultant, Wyoming, Ohio. 
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Mr. Moore: You are correct. It is hoped that other foundry- 
men will start to use it and we will be able to develop these 
values that are necessary rather than use it just as an evaluation 
test. 

Mr. Caine: Mr. Moore, did any of your sand glaze, either in 
the test or on the casting, the way a steel sand glazes when in 
contact with molten steel? 

Mr. Moore: I did not observe any glazing of the sand. 

C. E. WENNINGER:* Apparently three different types of high- 
temperature testing equipment and methods are now available 
to the industry. One is the standard Dietert dilatometer; the 
second is the Ross-Meehan dilatometer presented in this paper; 
the third is the dip-test as developed and advocated by Mr. 
Caine. Essentially, all are aimed at the same objective; i.c., 
determining the probable behavior of a sand or sand mixture at 
the pouring temperature under which it will be used and under 
the particular conditions pertaining to its use. 

Mr. Moore has compared and presented data in the form of 
curves that show that similar curves are obtained from both 
types of dilatometers—and Mr. Rassenfoss has asked why should 
we introduce a new method of testing if we do not obtain some 
thing new out of it. I would like to carry that a little further 
and state that I cannot see where Mr. Moore’s method has any- 
thing over the Caine dip-test when it comes to predicting the 
probable casting behavior of a sand. In work at the University 
of Kentucky we were making casting tests of eight different sands 
from eight different parts of the country. To test the usefulness 
of the dip-test, bonded samples of each sand mixture were sealed 
in jars and sent to Mr. Caine with only code letters on the jars 
to identify them. Mr. Caine was in Cincinnati; we were in Lex- 
ington. In every case Mr. Caine and his associates were able to 
use the dip-test to accurately predict the probable casting be- 
havior of the respective sands before we ever made the tes 
castings. It is because of this experience that I, too, question 
whether Mr. Moore’s method brings forth something new that 
cannot be obtained from an existing method. 

FE. C. Troy: * I think this new test would have advantages if 
it can be accomplished with less skill and time requirements. I 
would like to ask the author how he would compare the time 
and skill required here with that of the dilatometer method. 

Mr. Moore: I have found this is considerably faster and easier 
to manipulate than the dilatometer test. I have also taken an 
average of three curves in plotting these curves, because the 
values change so much that the curves may appear erratic, but 
an average is always quite reproducible. 

Mr. Troy: I assume that on. short time tests you have found 
it is an easier test to manipulate. 

Mr. Moore: Very definitely. This is an instantaneous test, 
so the properties are not changing during the time you are 
applying the breaking force. I think on this basis that it is the 
only way you can do a satisfactory, rapid test. 


% Director, Foundry Research and Development Section, University of 
Kentucky, Dept. of Mining & Metallurgical Engr., Lexington, Ky. 
“Foundry Consultant, Palmyra, N. J. 








ABSORBING THE TECHNICAL TRAINEE 


By 


Collins L. Carter* 


DuRING THE PAST 35 YEARS, American industry has 
operated under three different sets of conditions— 
peace, war and preparation for war. American industry 
has met successfully the widely varied economic and 
military demands imposed by these conditions. 

This ability to produce anything, and everything, in 
staggering quantities, at top speed and under always 
changing and always growing plans, is what we have 
come to call “American know-how.” It is a compound 
of brains, the cool judgment of mature experience, the 
imagination and courage of youth and the tireless en- 
ergy of American men and women defending and 
maintaining a standard of living—a way of living—nev- 
er enjoyed by any other people. 

The foundry industry has not lagged behind in the 
development of “know-how.” For instance, forward- 
looking management has for a long time recognized 
the vital importance of the management group in any 
successful operation. But, for a long time, foundrymen 
were like the people of whom Mark Twain wrote, who 
“complained about the weather, but hardly ever did 
anything about it.” 


Need Management Continuity 


It is well known that labor, equipment, and mate- 
rials are of little value without management thought 
and direction. Also, it is well known that the member- 
ship of any management group is subject to losses as 
inevitable as death and taxes. Illness, accident, the toll 
taken by the passing years, the greener grass in some 
distant field of work, the unexpected and unexplain- 
able sudden failure of a man to measure up to the de- 
mands of his job—all these continually threaten the 
continuity of management policy and practice. 

When these losses occur there should be, and fre- 
quently is, a man in the organization trained and ready 
to take his place. But this man’s promotion means that 
his former place must be filled. How and by whom? 
Not by raiding some other concern within the industry, 
a procedure frowned upon by polite foundry society— 


* President, Albion Malleable Iron Co., Albion, Mich. 


especially by those raided. The foundry industry an- 
swered with another question. Why not recruit replace- 
ments from trainees within the respective plants? 


A successful organization, built to withstand the rav- 
ages of time and to keep abreast of modern techniques, 
cannot afford to be without a trainee program. For in- 
stance, when suddenly forced to bring in an untrained 
supervisor from the outside or step up an inexper- 
ienced man from within, serious personnel problems 
can result—even to the extent of strikes. Often such 
dislocations are much more costly than the annual ex- 
pense of any trainee program. Furthermore, obsoles- 
cence in foundry methods and equipment point up the 
necessity for injection of new blood, technically trained 
to wrestle with such problems. These facts are equally 
true whether the firm is small or large. 


How many trainees should be added each year? Most 
firms have one member of management to approxi- 
mately 15 employees and historical figures show that 
management mortality is in the neighborhood of 10 
to 12 per cent per year. As an example, a company em- 
ploying 600 people might have approximately 40 mem- 
bers in the direct management team. If 10 per cent were 


Frank Tobakos, 
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lost each year, it would mean, by allowing for some 
shrinkage within the trainee group itself, an addition 
of .6 to 7 trainees each year. This generalization may 
vary with different companies dependent upon factors 
such as the average age of individuals in the manage- 
ment group, etc. 

The two main sources for recruitment of excellent 
material for trainee programs are: 

1. Mechanical, industrial, electrical, and metallur- 
gical graduates of engineering colleges throughout the 
country, particularly those who have had some summer 
work experience and the opportunity to attend en- 
gineering schools which are members of the Foundry 
Educational Foundation. In a relatively short period 
of three years the Foundation has made available to 
our industry some 300 young graduate engineers, who 
have been trained in foundry techniques. 

2. Qualified individuals selected from the company’s 
own work force. 

It is the practice in the author’s company to balance 
the trainee program with an equal number of college 
graduates and practical shop men. In close association, 
the college graduate trained in theory, but without 
much actual work experience can learn much from the 
practical shop man. Conversely, the shop man can pick 
up much knowledge from the college trained engineer. 
This combination is also an inspiration to capable 
young men who are excellent employees but who have 
not had a college education. 

Do not expect the graduate engineer to come to 
the foundry after June graduation looking for a job. 
Statistics show that for the next few years there will be 
relatively few graduate engineers who have had the ad- 
vantages of the Foundry Educational Foundation or of 
summer foundry work experience. The Foundry Ed- 
ucational Foundation periodically places in the hands 
of its members a list of prospective graduates. Personal 
contact with the students and placement officers of the 
universities is generally made several months before 
graduation. Often the students make company financed 
plant visitations. At these plant interviews, some com- 
panies require prospective employees to take a battery 
of psychological tests which measure mental ability, 
social intelligence, and certain personality traits. 


Training Programs Differ 


In the foundry industry there seems to be a wide 
variation in the type and duration of trainee programs; 
however, each program has as its goal the practical de- 
velopment of the trainee to undertake supervisory re- 
sponsibility. Various trainee programs extend over a 
period of six months to two years. In some cases, the 
degree of previous experience of the individual governs 
the length of this period. 

Some big companies where larger groups of trainees 
are employed, have a program embracing rather rigid 
and definite schedules. For instance, in one company 
the practical experience consists of 20 weeks spent in 
the core, melting, and foundry departments and in 
scrap elimination (four weeks each) and in the an- 
nealing and the inspection departments (two weeks 
each) . Twice each week this practical training is aug- 
mented by a two-hour class of theoretical training in: 
job of first line management, organization structural 
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policies and procedures, department functions and 
inter-relationships, management skill in working with 
people, management skill in job training and job im- 
provement. 

In smaller companies a more flexible program can 
be employed. One company which has only five or six 
trainees at a time sets up training programs which gen- 
erally adhere to the following schedule: 

1. Initial indoctrination in all departments, includ- 
ing administrative for overall conception of the busi- 
ness. 2 weeks. 

2. Assignment to various operating departments ‘or 
work experience. 12-36 weeks. 

3. Reorientation. One week. 

4. Engineering department with assignment of spe- 
cific projects to get experience in organization of effort 
and to develop a feeling of accomplishment. 12-36 
weeks. 

5. Reassignment to certain operating departments 
for minor supervisory experience. 3-12 weeks. 

6. Permanent assignment to one of five divisions of 
the company. 

Total time for the program is 8 to 22 months. The 
time spent in each assignment is dependent upon the 
previous experience, ability, and progress of the indi- 
vidual trainee. 

In this same plant, a Committee on Trainees is re- 
sponsible for all trainees and training programs. The 
committee consists of the manufacturing manager, 
works manager, chief engineer, and personnel director. 
For every trainee a rating report is prepared weekly by 
his supervisor. The committee periodically reviews 
these reports. Also, each week the trainee turns in a 
written report to the committee. The trainee’s report 
may include any observation or comment whatsoever 
that he wishes to make in respect to his work. 


Stress Actual Work Experience 


It should be noted that in the curricula of these two 
training programs actual work experience is heavily 
emphasized. The value of actual work experience lies 
in teaching the trainee how to use his hands. Regard- 
less of the degree of mechanization in this country, at 
one stage or another everything we have is made with 
somebody’s hands. Further, if the trainee knows what 
work is, he can later determine who much work it is 
reasonable to expect from a man and the trainee will 
command more respect from the people whom he will 
presumably someday supervise. 

An essential phase of training which must not be 
overlooked is learning how to get along with people 
by leading them. The Simon Legree has no place in 
today’s American industry. The trainee must learn that 
driving will not yield the required results. He must 
also recognize the importance of intelligent coopera- 
tion with all. These points should be stressed through- 
out any curriculum. 

Under all conditions, it is extremely important that 
a trainee placed on any phase of the program, not be 
forgotten by management. If the individual is pro- 
gressing satisfactorily, he should be recognized and en- 
couraged. Conversely, if it is noted that a trainee is 
not progressing, additional attention should be given 
his shortcomings. However, a danger must be pointed 
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out that too much recognition and too much attention 
can have an adverse affect on the trainee or on the atti- 
tudes of others toward him, particularly on the part of 
those employees who have not had formal training 
and the advantages of a technical engineering educa- 
tion. “Hot shot” attitudes can be and must be pre- 
vented. In justice, if it is apparent that a trainee is not 
suited for the foundry industry or does not fit in the or- 
ganization, it is only fair that management advise him 
accordingly, and the sooner the better for all con- 
cerned. He should be given an opportunity to seek 
employment elsewhere. 

Another important factor in the success of any 
trainee program is the working agreement and practi- 
cal acceptance of this program by the union. If some 
trainees have been picked from the ranks of the union, 
reaction to the program is much more favorable. It 
is recommended that an understanding be reached pre- 
viously to the installation of a trainee program. This 
understanding should be included in the labor con- 
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tract. The trainee must have some production work 
experience. The greatest stumbling block is the amount 
of replacement of direct or indirect production work- 
ers who are members of the union. One company had 
written into its labor contract that the number of 
trainees on production work at any one time could not 
exceed one per cent of the factory payroll. 

At the completion of the training program, every 
trainee has for his goal a permanent assignment as a 
supervisor or technician in the division of the business 
in which he is best suited. This assignment is often in- 
fluenced by openings available at the time. Often, due 
to emergencies, the permanent assignments are made 
before the training program is completed. In any case, 
after permanent assignment the responsible executive 
of the division should see that a certain amount of 
training is continued. With such an adequate and well- 
rounded training program, the company will have a 
thoroughly trained supervisor whose abilities will 
assure him of consideration for further promotion. 











REFINING SECONDARY COPPER ALLOYS. 


By 





Marvin Glassenberg,* L. F. Mondolfo** and 
A. H. Hesse*** 


Introduction 


THE osBjectives of these experiments are two- 
fold: (1), to determine the rates of removal of com- 
mou impurities from secondary copper alloys by means 
of air injection; (2), to investigate the effect of com- 
mercial oxygen on these rates of removal. 

The use of injection of air to remove impurities 
from secondary copper alloys is common in commer- 
cial practice. The normal procedure is to melt a 
charge with a composition approximating that of 
the desired alloy. When the charge is molten, com- 
pressed air is blown into it to oxidize the impurities. 
The resulting compounds rise to the surface where 
they form a slag which is periodically removed. The 
blowing of air is continued until the undesirable 
elements are removed. After removal of the impuri- 
ties, the necessary alloying elements are added to 
bring the melt to the desired chemical composition 
and then the melt is poured into ingot molds. 

The substitution of commercial oxygen in place of 
air for more rapid refining is theoretically sound, since 
a faster rate of oxidation of impurities should be 
achieved, thus reducing the operating time. The use 
of oxygen injection in the refining of steel and also 
in various combustion processes, strongly indicates 
that oxygen can also be successfully employed for re- 
fining copper alloys. 


Previous Studies in the Field 


Although air injection for refining secondary cop- 
per alloys has been successfully utilized in commer- 
cial practice for many years, very little written ma- 
terial on the chemical and metallurgical aspects of 
impurity removal has been published. “Trade sec- 
rets” and the fact that air injection “works,” prob- 


* Graduate student, ** Associate Professor of Metallurgical 
Engineering, Illinois Institute of Technology, and *** Metal- 
lurgical Engineer, R. Lavin & Sons, Inc., Chicago. 


This paper is abstracted from a thesis submitted to the 
Illinois Institute of Technology by Marvin Glassenberg in 
partial fulfillment of the requirements for the degree of Master 
of Science. 
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ably hindered publication of this information. 

No published information on oxygen injection in 
brass refining was found. Some papers!:*: * discussing 
oxygen injection in the refining of ferrous metals 
have been published, but these applications are of 
little value in copper refining. 


Experimental Technique 


Equipment and Melting Practice—The metal used 
for all the experiments came from a homogeneous 
melt which had been produced as one heat by melt- 
ing scrap in a rotary furnace and casting it into in- 
gots weighing approximately 20 lb. The chemical 
analysis of the heat appears in Table 1. One hundred 
and fifty pounds of metal was used for each experi- 
ment. 


TABLE 1—ANALYsIS OF ORIGINAL MELT 





Element Percentage 
eer (aee+ kee iia thc 81.42 
eth ais de-ieil eate Died dn Os We GS a eth ee wack iG 3.39 
Seen ere Hee 3.36 
ET ks chia Wd wins i deat he aR le eK eos 2. aoe 
PEE nig. cs saaedsccesonetacenveesen oo. je 
PE os 4d Cbd Sib Bisd onesies ceesencceses 0.12 
IN Ss eo oa cru alah a cad  eureciaNhd ae 0.059 
eer eR ee 1.23 
ETE ti. wt ar cel a oi ent ala ah oleae eine 0.335 
ED iG 26 nangeenbane hse yshotneea ss oun 0.116 
PRE ah sess reeccckeedarentnees ; 0.119 
Zinc (by difference) ......... petals she . 8.97 
Me SRN 585s Satine nns ge vate ac ewtese esas 8.67 





A No. 60 silicon carbide crucible, having a capac- 
ity of 180 lb, was used as a reservoir for the metal. 
Starting with a cold oil-fired furnace, the brass re- 
quired an average of 60 min to reach 2100 F. 

After the metal was brought to a temperature of 
2100 F, a sample was taken and approximately 13 oz 
of glass were added to the bath to create a cover. 
About 10 min were required to melt the glass after 
which another sample was taken and the subsequent 
refining begun. Chemical analysis indicated that the 
addition of the glass and the 10-min lapse had little 
effect on the composition of the alloy. 
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Method of Sampling—Sampling of the metal was ob- 
tained by immersing a preheated ladle, 3 in. in diam- 
eter, into the bottom of the crucible and stirring as 
the ladle was brought to the surface. Iron contamina- 
tion was held to a minimum by pouring the sample 
within 20 sec after the immersion of the ladle. 

The metal was poured into a cast iron mold to 
form a 2l4-in. disc weighing approximately 14 lb. 
Drillings were taken all over one face of the disc in 
order to eliminate errors due to segregation in the 
sample. These drillings were used for chemical analy- 
sis. The undrilled face was machined and condi- 
tioned for a spectrographic analysis of the sample. 


Temperature Control—In order to eliminate the 
temperature variable, each experiment was conducted 
at a temperature of 2100 F. No automatic device was 
available for maintaining a constant temperature in 
the furnace; therefore, manual control of combustion 
was necessary. The temperature was constantly re- 
corded with an automatic potentiometer, which 
showed a maximum deviation of + 25 F. 

The continuous recording of temperature necessi- 
tated the use of a protective tube for the chromel- 
alumel thermocouple which had to be in contact with 
the metal during the complete experiment. A silicon 
carbide tube proved successful. 


Injection Technique—Figure | illustrates the appar- 
atus used in measuring and injecting the air or oxy- 
gen into the bath of metal. 

The oxygen or air was drawn from a single com- 
mercial cylinder equipped with a three-stage regula- 
tor to maintain a steady flow. Commercially dry air 
and commercial oxygen were used. 

The cylinder rested on a beam balance having a 


capacity of 200 lb with 14-0z sensitivity. When a 
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sample of metal was taken, recordings of the follow- 
ing data were made: (a), time; (b), weight of gas 
injected; (c), temperature of metal bath. The com- 
plete procedure required about | min. 

The gas was conducted from the cylinder to the 
immersion lance by means of a rubber hose and a 
steel pipe. A mercury manometer was inserted in 
the 714-ft rubber hose line to estimate the flow of 
the gas and indicate leakage after the refining opera- 
tion was started. The hose line also included a ther- 
mometer to indicate the temperature of the flowing 
air or oxygen. A quick acting valve and copper tube 
were inserted between the rubber hose and the 5 ft 
steel pipe to which the lance was fastened. The depth 
of the lance in the molten bath was controlled by an 
adjustable vertical stand to which the horizontal steel 
pipe was attached. 

Difficulty was encountered in obtaining material for 
the lance that would withstand the critical condi- 
tions of the experiments. A total of 11 experiments 
was performed before a suitable material was found 
and a satisfactory lance designed. 

Steel pipe coated with ceramic material failed be- 
cause the pipe was consumed in a short time. A graph- 
ite tube underwent rapid deterioration and, in addi- 
tion, chemical analysis of successive samples indicated 
that the graphite inhibited oxidation. 

A sillimanite tube indicated suitable properties, 
but lack of proper means of attaching the tube to 
the lance assembly limited further use of this material. 

A quartz tube disintegrated after a short period of 
submergence and absorption of brass into the quartz 
material was noticed. 

Finally, a porcelain material was found which 
showed satisfactory chemical and physical properties 
for air injection. After several preliminary tests with 
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Fig. 1—Schematic view of experimental set-up. 
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Ow- TasLe 2—First EXPERIMENT WITH AIR (A-1) 
ga 
tis Total 
— weight of Chemical Composition, Per Cent 
airin- Mean ——————_- 
the Time jected temp. Anti- Alumi- Manga- Phos- Zinc Zinc 
ia Sample min oz oF Copper Lead Nickel Tin Sulphur mony num_ Iron _ Silicon nese phorus by diff. analyzed 
in 00...) 245s 81.80" 3.34 O77* «8.54.14 = .12 0.07" 1.220.335" = 0.08" )§=—0.12* 8.46 8.68 
of 0 re : 2110 81.84 $.32 0.77 3.53 0.14 0.12 0.06 1.15 0.335 0.073 0.115 8.55 8.60 
] 4 1 2112 81.95* 3.32% 0.77* 3.50° 0.14% 0.12 0.05% 1.15% 0.325% 0.068* 0.11* 8.50 
se 2 11 2 2110 82.08 3.30 0.76 3.48 0.14 0.12 0.04* 1.15 0.317 0.065 0.109 8.44 
1er- 3 16 3 2095 82.14* 3.32 0.77% 3.50% 0.14% 0.12 0.03* 1.15% 0.313* 0.062* 0.10% 8.36 
ing 4 22 t 2100 8? 24 3.29 0.76 3.53 0.14 0.12 0.02* 1.14 0.293* 0.059* 0.112 8.30 
ibe 5 27 5 2100 82.33 3.32% 0.77% 3.50% 0.14% 0.12 0.01% 41.14% 0.289 0.056 0.092 8.23 oe 
f 6 33 6 2105 82.52 3.35 0.76 3.53 0.14 0.12 oe 1.13 0.28* 0.051* 0.108 8.02 7.85 
s 7 38 7 2090 82.53 3.32% 0.77 3.50% 0.14% 0.12 1.12* 0.273 0.049 - 0.091 7.99 oe 
oth 8 43 8 2110 82.61 3.29 0.75 3.53 0.14 0.12 1.15 0.257* 0.043* 0.09% 802 7.72 
an 10 49 9 2115 82.86 3.33 0.75 3.48 0.14 0.12 1.09 0.234 0.038 0.088 7.87 
eel il 54 10 2090 82.83 3.31 0.77 3.53 0.14* 0.12 1.07 0.231* 0.035* 0.085* 7.88 
12 59 ol 2105 82.93* 3.32% 0.77% 3.50% 0.14% 0.12 1.11 0.210 0.031 0.084 7.79 
13 65 12 2120 83.10 $.$2¢ 0.77% 3.53 0.14 0.12 1.08 0.208* 0.029* 0.081 7.62 ee 
for 14 70 «13 2090 83.09 $.32* 0.77 3.53 0.14 0.12 1.03 0.194 0.025 0.091 7.69 6.67 
di- 15 76 «14 2095 83.22% 3.32* 0.78% 3.50% 0.14% 0.12 1.01 0.187* 0.023* 0.077 7.62 
nts 16 81 615 2100 83.32% 3.32% 0.78% 3.50% 0.14% 0.12 1.03 0.175 0.021 0.079 7.51 
nd 17 86016 2100 83.42 3.33 0.77 3.48 0.14 0.12 0.98 0.165* 0.02* 0.077* 7.50 
7" 18 92 17 2105 83.52% 3.32% 0.78% 3.50% 0.14% 0.12 - 0.98 0.159 0.018 0.075 7.39 
19 99 18 2110 83.50 3.32% 0.79 3.48 0.14 0.12 ae 0.94 0.144* 0.015*  0.073* 7.48 
be- * Values which were obtained by interpolation. 
oh- Mean rate of flow — 0.182 oz per min. 
di- 
ted —- °° € 
TasLe 3—SECOND EXPERIMENT WITH AIR (A-2) 
es, Total 
to weight of Chemical Composition, Per Cent 
airin- Mean ——_—__——— ee on 
al. Time jected temp. Anti- Alumi- Manga- Phos- Zinc Zinc 
of Sample min oz F Copper Lead Nickel Tin Sulphur mony num _ Iron _ Silicon nese phorus by diff. analyzed 
rtz 00 .. 212508181) 8.27080) 8.50" «0.13 0.11" 0.070" 1.24 1.352" 0.091* 0.116" 851 8.57 
0 -- 2aa6 81.80 3.34 0.80* 3.53 0.13 0.11* 0.061 1.20 0.352 0.089 0.114 8.48 8.72 
ich ] 7 075 2135 81.87* 3.32* 0.80* 3.53* 0.13* 0.11* 0.058 1.20 0.357 0.086 0.115 8.42 oe 
e 2 13 1.25 2080 81.93 3.32 0.80 3.53* 0.13% 0.11% 0.050% 1.22 0.343* 0.083* 0.110* 8.37 8.33 
“e" 3 23 225 2125 82.25* 3.32% 0.80* 3.53* 0.13* 0.11* 0.046 1.20 0.335 0.080 =0.105 8.09 os 
ith 4 33 3.50 2080 82.36 3.28 0.80* 3.53* 0.13* 0.11* 0.030* 1.14 0.320 0.073 =0.104* =7.85 7.95 
5 43 5.00 2110 82.61* 3.32% 0.80% 3.53% 0.13 0.12 0.026 1.19 0.290 0.061 0.100 7.82 o* 
6 54 6.50 2135 82.93 3.34 0.80* 3.53* 0.13* 0.12* 0.010 1.12 0.273 0.051 0.093 751 731 
— 7 64 8.25 2080 83.14 3.32* 0.80* 3.53* 0.13* 0.12* 0.010 1.09 0.261 0.041 0.093 7.47 7.60 
8 79 10.50 2110, 83.19 3.32* 0.80* 3.53* 0.13* 0.12* “ys 1.07 0.241 0.034 0.086 7.48 7.45 
10 96 13.00 2110 83.45 3.32 0.80 3.53 0.13* 0.12* - 1.01 0.202 0.020 0.079 7.34 7.21 
1] 115 16.00 2105 83.59 3.32* 0.80* 3.53* 0.13 0.12* es 0.98 0.177 0.020 0.074 7.26 7.17 
12 132 18.75 2120 83.77 3.33 0.80 3.53* 0.13* 0.12* - 0.90 0.145 0.014 0.069 7.20 as 
13 146 20.75 2110 84.05 3.32* 0.81% 3.53* 0.13 0.12 es 0.91 0.111 0.009* 0.059 6.95 6.90 
14 159 22.75 2105 84.33 3.32* 0.81* 3.53* 0.13* 0.12% ss 0.77 0.067 0.006 0.049 6.86 6.72 
15 172 24.75 2110 84.71* 3.32% 0.81* 3.53* 0.13 0.12* a 0.72 0.056 0.005* 0.042 6.55 - 
16 185 26.75 2100 84.97 3.30 0.82 3.55 0.13* 0.12* a 0.59 0.022 0.003 0.024 6.47 6.27 
17. 202: «29.50 2105 85.41 $.32* 082% 353° 0.13* 0.12 oa 0.438 0.003 i 0.007 6.23 6.07 : 
18 217 32.00 2115 85.85 3.34 0.82* 3.53% 0.13 0.12 a. 0.28 0.002 is 0.004 5.92 _ 
19 236 35.00 2090 86.56 3.30 0.82 $.53* -0.12* 0.12% we 0.31 0.001* - 0.004* 5.24 5.14 
20 (After slag was removed) 86.57 3.33 0.82* 3.53 0.12 0.12 - 0.22 0.001 ne 0.004 5.28 ‘a 
* Values which were obtained by interpolation. 
Mean rate of flow — 0.148 oz per min. 
porcelain, the construction of the lance as shown in addition, the silicon carbide tube reacted with the 
Fig. 2 was found to be suitable and employed in all oxygen thereby inhibiting the refining, as previously 
experiments with air. noticed with the graphite tube. However, by using a 
In the first experiment with oxygen, an accelerated fast rate of injection, sufficient data were obtained in 
deterioration of the porcelain tube and a rapid rise some of the runs before the experiment was stopped 
of temperature were noted. The same rapid deteriora- by the failure of the tube. 
tion took place with silicon carbide, sillimanite, and Air injection resulted in the inert gases bubbling 
zirconia tubes. This rapid deterioration was probably to the surface of the metal bath, causing the metal to 
caused by the strong exothermic reactions which pro- spatter out of the crucible. The rate of flow was 
duced very high temperatures in the immediate vicin- therefore adjusted to cause minimum loss through 
| ity of the tube causing it to fuse and disintegrate. In spattering. In the case of oxygen injection, the liquid 











TABLE 4—THIRD EXPERIMENT WITH AIR (A-3) 


REFINING SECONDARY COPPER ALLoy’s 





Total 
weight of 


Chemical Composition, Per Cent 





airin- Mean 
Time jected temp. 
Sample min  0z ss 


Copper Lead Nickel Tin Sulphur 





Manga- Phos- Zinc = Zin 
Silicon nese phorus by diff. analyzed 


Anti- Alumi- 
mony num Iron 





2160 81.75 3.28 0.77* 3.53 0.14 

- + @ays 81.94 3.32 0.77% 3.53 0.13 
S “108 @s 82.02 332° O77" 353° 0.13* 
2? 225 210 82.23 3.32 0.77% 3.53* 0.13% 
% 3.75 2075 82.42 S$32° 0.77% 353° 0.15 

49 525 2115 82.61 3.31 0.77* 3.53* 0.13 
64 25 2095 82.70 332° O77° 353° 019° 
78 #9.25 2110 82.92 3.32 O77* 355° 01> 
91 11.25 2105 83.02 $32* O.77° 353° 019° 
104 13.25 2080 83.24 SS2* O77° ,353* 6.15° 
10 +123 16.00 2105 83.53 S32° G77" .359° 6.19 
1] 140 18.50 2105 83.74 3.34 0.77* 3.48 0.13* 
12 158 21.00 2100 84.01 $.32* 0.77% 3.53* 0.12* 

13 176 23.50 2085 84.34 3.29 G7ar 353 G12 
14 193 26.00 2100 84.58 S$.52° 0.76 353° 0.12° 
15 210 28.50 2100 84.83 3.32 0.78% 3.53* 0.12% 

16 227 31.00 2090 85.06 $.32* 0.78% 3.55 0.13 
17 244 +=33.50 2105 85.17 3.33 0.78% 3.53* 0.12% 


OIOUpennos 


0.12* 0.07* 1.24 0.360 0.082 0.118 8.54 8.25 
0.12 0.06* 1.26 0.352 0.080 0.117 8.32 8.27 
0.12% 0.05* 1.22 0.332 0.078 0.114 8.32 — 
0.12* 0.04* 1.24 0.346 0.065 0.113 8.09 8.13 
0.12% 0.03* 1.22% 0.311 0.059 0.108 7.98 
0.12* 0.02% 1.19 0.291 0.053 0.101 7.88 7.90 
0.12* 0.01% 1.15 0.282 0.044 0.094 7.85 7.80 
- 1.1 
1.1 


0.12* 13 0.264 0.040 0.092 7.68 

0.12 = 19 0.232 0.028 0.088 7.57 

0.12* ia 1.09 0.224 0.023 0.085 7.47 

0.12* at 1.12 0.202 0.020 0.083 7.18 + 
0.12* — 1.03 0.175 0.013* 0.077 7.12 7.05 
0.12* e 1.02 0.136 0.010 0.070 6.89 6.66 
0.12 ie 0.93 0.108 0.008* 0.058 6.71 6.69 
0.12* és 0.85 0.087 0.006 0.048 6.56 6.56 
0.12* ie 0.73 0.060 0.004* 0.042 6.46 6.27 
0.12* v 0.72 0.040 0.003 0.035 6.24 6.24 
0.12* = 0.71 0.022 0.0005 0.030 6.19 6.15 





18 259 35.50 2090 85.46 $.32 0.78 3.53¢ 0.12* 0.12 iv 0.64 0.008 ~~ 0.020 6.00 5.87 
19 274 38.00 2080 85.51 3.33 0.79 3.58° 0.12 0.12 ‘3 0.54 0.003 of 0.012 6.04 5.88 
* Values which were obtained by interpolation. 
Mean rate of flow — 0.139 oz per min. 
ture rise. 
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Fig. 2—Sketch of lance assembly. 


metal was quiescent and no bubbling was discerned, 
thus permitting much faster rates. The rate of in- 
jection, however, had to be controlled because too 
rapid a flow would have resulted in a sharp tempera- 





Of the two oxygen experiments which were success- 
ful, the first was completed with two seperate porce- 
lain tubes at a relatively rapid rate of injection. The 
second experiment was accomplished with a long silli- 
manite tube at a slower rate. The tube was lowered 
into the bath as the end deteriorated. 

Analysis—The spectrograph was used to identify the 
elements in the alloy and standard wet procedures 
were used for quantitative determination of the ele- 
ments found with the spectrograph, namely, copper, 
tin, lead, nickel, iron, manganese, silicon, phosphorus, 
sulphur, antimony, zinc and aluminum. The spectro- 
graphic method was also used quantitatively for alum- 
inum to check the values obtained by the wet method. 


Results 

The results of three experiments, designated as A-!, 
A-2 and A-3, involving the use of the air injection 
technique, were chemically analyzed. Similar experi- 
ments, designated as O-l and O-2, involving oxygen 
injection were also chemically analyzed. The results 
for each experiment are tabulated in Tables 2 to 6, 
inclusive, which list the following data: concentra- 
tions of the elements; total weight of air or oxygen 
injected; time; and the mean temperature between 
successive samples. 

The data in Tables 2 to 6, which includes three 
experiments with air and two experiments with oxy- 
gen, were averaged. To avoid the difficulty created 
by the variance in initial concentrations of the various 
elements, the following formula was applied: 


Concentration < 100 


Percentage Retained — ————— — 
Initial Concentration 


The results, presented graphically in Fig. 3, show the 
sequence of removal for each element and the in- 
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Tasie 5—First EXPERIMENT WITH OxyGEN (O-1) 




















Total 
weight of Chemical Composition, Per Cent 
airin- Mean — — 
Time jected temp. Anti- Aluiai- Manga- Phos- Zine Zinc 
d Sample min oz F Copper Lead Nickel Tin Sulphur mony num _ Iron Silicon nese phorus by diil. analyzed 
00 se 5. 2906 81.70 3.31 0.77* 3.52 0.12 0.12 0.07* 1.17 0.353 0.087 0.120 8.66 8.56 
0 - 2105 81.80 3.35 0.77* 3.55 0.12 0.12 0.06* 1.16 0.352 0.086 0.115 8.52 


4 2.50 2105 82.10 3.31 0.77* 3.55* 0.12 0.12% 0.05* 1.14 0.332 0.079 0.109 8.32 


2 7 5.25 2085 82.31 3.33 0.77 3.55% 0.12* 0.12* 0.04* 1.09 0.314 0.071 0.097 8.19 8.15 
3 1) 8.75 2110 82.60 3.35 0.77* 3.57 0.12 0.12 0.03* 1.06 0.281 0.061 0.091 7.95 7.95 
4 15 11.75 2120 82.77 3.33 0.77* 3.55* 0.12* 0.12% 0.02* 1.03 0.245 0.050* 0.077 7.92 im 
5 19 14.75 2110 83.12 3.38 0.77* 3.55% 0.12 0.12% 0.01% 0.92 0.210 0.039 0.068 769 7.64 
6 23 18.25 2100 83.47 3.34 0.77* 3.55% 0.12 0.11 - 0.82 0.165 0.028 0.055 7.57 7.62 
000** 28 21.50 2120 83.89 3.36 0.78* 3.55* 0.12* 0.12* x“ 0.77 0.125 0.024 0.045 7.22 7.28 
7 32 25.50 2080 84.35 3.36 0.78 3.55 0.12* 0.12* , 0.63 0.084 0.011 0.033 6.96 6.96 
8 41 29.00 2055 84.71 3.43 0.78* 3.55% 0.12% 0.12 o 0.54 0.050 0.005 0.024 6.67 6.89 
10 54 32.25 2090 85.03 3.39 0.79 3.55* 0.12* 0.12% ‘a 0.47 0.030 0.001 0.019 6.48 6.68 
1] 71 36.00 2100 85.51 3.42 0.79* 355° 0.12° 6.12 + 0.39 0.018 0.001* 0.017* 6.06 6.04 
12 (After slag was removed) 85.44 3.35 0.79* 3.52 6.12 0.12 ci 0.38 0.022 0.002 0.017 6.24 5.94 


* Values which were obtained by interpolation. 
** Lance was changed before this sample was taken. 
Mean rate of flow = 0.506 oz per min. 





TABLE 6—SECOND EXPERIMENT WITH OXYGEN (O-2) 

















ais Total 
weight of Chemical Composition, Per Cent 
airin- Mean Se o ar Sie 
Time jected temp. Anti- Alumi- Manga- Phos- Zinc Zinc 
Ss- Sample min oz F Copper Lead Nickel Tin Sulphur mony num Iron Silicon nese phorus by diff. analyzed 
De 0 ..  .. 2100 81.79 331 0.75* 356* 0.12* O.11* 0.07* 1.21 0.360 0.087" 0.018* 851 8.27 
he 0 : ‘ 2120 81.87 3.34 0.75 3.56 0.12 0.11 0.06* 1.20 0.350 0.085 0.117 8.44 8.34 
li- ] 6 1.00 2105 82.03 3.28 0.75* 3.56 0.12% 0.11* 0.05* 1.21 0.350 0.083 0.115 8.34 “ 
ad 2 11 200 2115 8209 330 0.75* 3.56* 0.12% O.11* 0.04" 1.19 0.332 0.080 0.111 832 8.29 

3 16 «3.00 2115 82.21 3.32 0.75* 3.56* 0.12* 0O.11*% 0.03* 1.19 0.318 0.078 0.105 8.21 

$ 22 4.50 2090 82.31* 3.32% 0.75" 3.56* 0.12" O.11* 0.02" 1.13 0.305* 0.074 0.103* 820 . 
he 5 27 = 6.0 2115 82.47 3.29 0.75% 3.56% 0.12% 0.11% 0.01% 1.11 0.286 0.068 0.097 8.12 8.11 
we 6 $3 825 2105 82.66% 3.32* 0.75" 3.56* 0.12* O.11* 1.07 0.268* 0.062* 0.091% 7.99 .. 

7 38 10.25 2095 82.77 3.39 0.75* 3.56 0.12 0.11 1.01 0.246 0.052 0.080 7.91 7.70 
le- 8 42 12.25 2100 83.02* 3.32% 0.75% 3.56% 0.12% 0.11* 1.08 0.229* 0.050* 0.079* 7.68 - 
y, 10 45 13.75 2090 83.14 3.33 0.76* 3.56% 0.12* 0.11* 0.98 0.216 0.046 0.072 766 7.63 
1s, 11 54 15.75 2070 83.36* 3.32* 0.76% 3.56* 0.12* 0.12* .. 0.91 0.203 0.041* 0,068* 7.54 “- 
‘0- 12 59 18.00 2125 83.49 332 0.76* 3.56* 0.12* 0.12* - 0.89 0.179 0.036 0.063 746 67.35 

13 = 63-_—« 20.00 2110S 83.63 3.31 = 0.76" = 3.56* = 0.12* 0.12" .. 087 0.156* 0.034 0.060 7.38 7.38 
a 14 65 20.50 2085 83.76 329 0.76 3.56* 0.12* 0,12* .- 081 0.151 0.030 0.057 7.34 7.29 
cl. 15 (Afterslag was removed) .. - , 3.61 0.12 0.12 - 0.77 a ot f da ae 

* Values which were obtained by interpolation. 
Mean rate of flow = 0.315 oz per min. 
ey 
on. + . . . . . . . + . 
ri- crease of copper content for air and oxygen injection, vious and following samples, of some elements which 
en respectively. were not analyzed in every sample. The injection of . 
Its The rates of removal of manganese, silicon, and either air or oxygen, resulted in a constant increase 
6. phosphorus, for both air and oxygen, Fig. 3, were in copper content. 
. essentially linear in the early stages of refining. How- Removal of manganese with air was very rapid 
en ever, the rates of removal of these elements leveled until about 35 per cent of the original concentration 
on off as these elements approached low concentrations. remained; thereafter, the rate of removal leveled off 
Very little iron was removed until about 16 oz of air until the manganese was completely removed after 
ee were injected; subsequently, the element was removed about 32 oz of air were injected. The rate of re- 
ye at a constant rate. With oxygen, the iron was re- moval of manganese with oxygen was slower than 
ed moved in the early stages of refining, resulting in a with air although the same weights of oxygen and 
us linear curve over most of the refining range. The air were necessary to achieve complete removal. 
rate of removal of zinc for both air and oxygen was The rate of removal of silicon with air varied 
also linear. The zinc values used in Fig. 3 are ob- linearly and the element was completely removed af- 
00 tained from the zinc column listed under “by dif- ter about 34 oz of air were injected. The rate of re- 
ference” in Tables 2 to 6. This column was tabulated moval of silicon with oxygen was a little slower than 
by subtracting from 100 per cent the total concentra- with air and approximately four per cent of the 
he tion of the 11 remaining elements in the sample. This original concentration remained after 36 oz of oxygen 
in- procedure necessitated the estimation, based on pre- were injected. 
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The rate of removal of phosphorus with oxygen 
was constant, having approximately 13 per cent of its 
original concentration present after 36 oz of oxygen 
were injected. The rate of removal of phosphorus 
with air was slower than with oxygen in the early 
stages of refining. However, after appearing to ad- 
just itself, the element was removed at a relatively 
rapid rate, retaining only 3 per cent of its original 
concentration after 38 oz of air were injected. 

The rate of removal of iron with the introduction 
of oxygen was essentially linear over the entire refin- 
ing range. The rate of removal of iron was relatively 
slow until approximately 16 oz of air were injected; 
subsequently the rate increased rapidly and exceeded 
that of oxygen by a small amount. 

The rate of removal of zinc with oxygen and air 
varied linearly, although the use of the latter gas re- 
sulted in a faster rate of removal. The increase in 
copper content was constant and found to be prac- 
tically the same with either air or oxygen injection. 

Nickel, lead, tin, antimony, and sulphur in this 
particular alloy were found to be unaffected by intro- 
duction of either air or oxygen, and therefore, no 
graphical representation was prepared. For alum- 
inum, the results obtained from the wet and the spec- 
trographic methods did not coincide. An approxi- 
mate representation on the removal with air from 
the alloy is presented. 



































Discussion of Results 


The inevitable loss of zinc by oxidation varies with 
temperature, atmospheric conditions, time of refining, 
and other factors. It is believed that the rate of re- 
moval of some impurities, such as iron, is dependent 


110.04 


REFINING SECONDARY COPPER ALLoys 


upon the concentration of zinc. Thus, commercial 
operations with air indicate that iron is more rapidly 
removed after the zinc concentration is reduced below 
6 per cent. Observing Fig. 3, it was found that iron re- 
moval increased after the zinc concentration was 
reduced below 7 per cent. However, upon viewing 
the results of the experiments with oxygen, it is ap- 
parent that the iron removal was constant even when 
the zinc concentration was relatively high. 

Figure 3, representing air and oxygen, indicates 
the sequence of removal of the following elements: 
aluminum, manganese, silicon, phosphorus, iron, and 
zinc, and the percentage increase of copper during re- 
fining. The sequence of removal of the above men- 
tioned elements was found to be consistent when 
using either air or oxygen. 

A small saving of zinc and consistent removal of 
iron resulted from the use of oxygen in place of air. 
There is good reason to believe that if the alloy con- 
tained a larger percentage of iron and zinc, the ef- 
ficacy of using oxygen in removing iron would be ex- 
hibited more clearly. 

Considering the fact that air contains about 23 per 
cent oxygen by weight, the results show that oxygen 
is considerably less effective than air. Although data 
from these experiments are insufficient to explain 
this phenomenon, several probable reasons can be 
offered: (1) the possible presence of other gases in 
the compressed air acting as a catalyst (water or nitro- 
gen); (2) agitation of the bath while using air (inert 
gases such as nitrogen bubbling through the bath); 
(3) loss of oxygen in the injection process due to 
lack of suitable material for the lance assembly. 

The second reason is believed to have considerable 
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Fig. 3—Comparison of use of air with that of oxygen. 
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significance since the violent bubbling caused the 
oxygen in the compressed air to disseminate through- 
out the bath. The absence of agitation with pure 
oxygen thus may have prevented full contact and 
only local refining in the vicinity of the immersion 
lance may have taken place. This reasoning is sup- 
ported by the curves appearing in Fig. 3: (a) with 
oxygen, rates of removal of manganese, silicon, and 
phosphorus were closely aligned with each other; (b) 
final removal of phosphorus and silicon was slowed 
up when using oxygen; (c) although manganese was 
found to be very active, its rate of removal was very 
much slower with the use of oxygen than with the 
use of air. 

The third reason does not seem probable. Had 
oxygen injection been efficient, its superiority would 
have been revealed in the early stages of refining 
where the gas was less likely to escape. 


Conclusions 


1. The curves in Fig. 3 represent the refining of a 
secondary copper alloy using air and oxygen, respec- 
tively. 

2. The sequence of removal of the elements by 
oxidation was found as follows: aluminum, man- 
ganese, silicon, phosphorus, iron and zinc. It may be 
noted, however, that although the rates of removal 
of each element may be different, all of these ele- 
ments are being removed simultaneously. 

3. The use of pure oxygen in place of air showed 
little value in the refining of typical brass alloy. How- 
ever, there are indications that the use of oxygen 
can result in the efficient removal of iron where high 
concentrations of zinc are present. 

Further investigation is required before conclusive 
evidence on the value of the use of oxygen in refining 
secondary copper alloys can be determined. 

The authors take this opportunity to express their 
deep appreciation to R. Lavin & Sons, Inc., for the 
use of their metallurgical and research facilities in 
connection with the experimental work reported in 
this paper. 
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analyses and to Messrs. W. B. George, R. Cochran 
and J. Wilkus for their helpful suggestions. 


Bibliography 


1. W. B. Amess, “Eliminating Carbon With Oxygen,” Steel, 
vol. 122, Feb. 2, 1948, p. 120. 

2. G. E. Bellew,* “Oxygen Injection Applied In Steel Foundry 
Melting,” AMERICAN FOUNDRYMAN, vol. 16, no. 5, p. 24. 

3. J. H. Berryman and J. M. Crockett, “Oxygen In The 
Electric Furnace,” Iron Age, vol. 162, Aug. 5, 1948, p. 72. 


DISCUSSION 


Chairman: W. B. Scorr, American Brake Shoe Co., National 
Bearing Div., Meadville, Pa. 

Co-Chairman: H. G. Scuwas, Bunting Brass & Bronze Co., 
Toledo, Ohio. 

F. L. Rippett:* Why were not the air and oxygen injected 
into the furnace at constant rates of flow? In the oxygen experi- 
ments you had a flow of 0.3 and 0.5 oz per min as against about 
0.15 oz per min of air. 

Mr. GLASSENBERG: Unfortunately, there were no means avail- 


able to maintain a constant flow of gas for each experiment. As 
mentioned under “Injection Technique” in this paper, the rate 
of flow of air was adjusted to cause minimum loss through spat- 
tering. In the case of oxygen injection, flow was controlled so 
as to maintain a constant temperature in the bath. However, 
since the comparison between air and oxygen was done on a 
weight basis, time was of no significance. 

Mr. RippeLt: The point I am trying to bring out is that in 
the analysis of the material vs time, the higher the rate of injec- 
tion, the faster the removal. You plotted your curve on the basis 
of weight injection, time not being mentioned. 

Mr. GLASSENBERG: This is not true. Rate of injection with air 
appears to have relatively no bearing on the rate of removal 
of impurities when data from the three experiments are plotted 
on a weight basis. The only reason why experiment A-1 (0.182 
oz per min) indicates that the rate of removal of the elements 
exceeded the rate of removal of the elements in experiment A-3 
(0.139 oz per min), say after 90 min., is that A-1 had more ounces 
of air injected than A-3 at the same time interval. It was this 
extra amount of air injected in the given time interval that 
caused additional refining in A-1. 

Observing the two experiments with oxygen, the rates of 
flow were 0.506 and 0.315 oz per min, respectively. Nevertheless, 
when the data from each experiment are plotted on a weight 
basis, the results are identica!, clearly showing that rate of injec- 
tion was of no significance. 

Mr. RippeLt: It may be advantageous from the cost basis to 
use oxygen. 

Mr. GLASSENBERG: [It is beyond the scope of this experiment to 
present cost data. It seems likely that a more efficient and eco- 
nomical operation may be obtained by the use of a mixture of 
other gases which, when compared on a weight basis, will remove 
impurities more rapidly than shown by air or oxygen in Fig. 3 
in this paper. 

R. W. Parsons: * The 0.119 per cent phosphorus in this anal- 
ysis seems to be quite high. I cannot conceive of any scrap which 
would give this amount. Is this correct? 

Mr. Hesse: This particular analysis was prepared especially 
for these experiments and I do not remember the exact quantity 
involved. I believe it was around 5000 or 6000 Ib. Impurities 
or undesirable elements were put there on purpose so a better 
idea of what was happening in refining with either oxygen or 
air could be obtained. 

G. P. HALLIWwELL:* I believe that the heat of formation of 
phosphorus is much higher than that of manganese. What is 
puzzling me is why is the manganese eliminated so much faster 
than the phosphorus? Both are there in the same amount, so 
the factor of mass action is the same. 

Mr. GLASSENBERG: There is actually no standard to base this 
on. Heat of formation in standard tables are given for simple 
reactions. The oxidation reactions that are taking place in the 
bath are probably very complicated. However, the experiments 
definitely show that manganese, whether using air or oxygen, 
was removed faster than phosphorus. 

S. GREENFIELD:* Mr. Riddell asked a question pertinent to 
using oxygen as a general cause of saving time in a plant. I 
think you will experience such a slag condition by using oxygen 
that the time you may save in your use of oxygen, you will lose 
in skimming off your furnace. 

G. H. CLAMrr:* Durine the past vear we have conducted 
some experiments on enriching the air in the reverberatory fur- 
nace with oxygen. We have gotten nowhere, because, as the 
authors stated in this paper, in their laboratory experiments they 
had a great deal of difficulty with the nozzle. We have been 
unable to find any material that will stand up under the condi- 
tions required to introduce the oxygen. 

This paper is of value because of its negative results. It 
would seem hardly worthwhile to conduct experiments further 
in considering the use of oxygen in a commercial way. 

The one important point, however, as the authors brought out, 
is the relative relationship of iron and zinc in the rate of 
elimination. 


1 Foundry Metallurgist, H. Kramer & Co., Chicago. 

2 Technical Director, The Ohio Brass Co., Mansfield, Ohio. 
* Director of Research, H. Kramer & Co., Chicago. 
*Samuel Greenfield Co., Inc., Buffalo. 

® Ajax Division, H. Kramer & Co., Philadelphia. 








SOME EFFECTS OF TEMPERATURE AND MELTING VARIABLES 
ON CHEMICAL COMPOSITION AND 
STRUCTURE OF GRAY IRONS* 


ABSTRACT 


This paper presents results of a study of some fundamental 
melting phenomena that direct the course of composition and 
structural changes in gray cast iron. Variables studied affecting 
chemical composition were air oxidation of the iron in various 
refractories, the effect of temperature on composition changes, 
influence of slags, iron oxide, rusty scrap, coke, and the results 
of melting under a CO atmosphere. Silicon oxidation was 
shown to be promoted at low temperatures and prevented at 
high temperatures by oxidizing atmospheres. 

Carbon losses were shown to be practically nil at low tem- 
perature and to increase rapidly with temperature. Silica re- 
duction was shown to be normal chemical reaction in molten 
cast iron at temperatures above 2671 F. The effects of iron 
oxide in causing oxidation were shown to be entirely different 
from atmospheric oxidation. Structural changes were shown 
to be related to oxidizing melting conditions with chilling 
tendencies being promoted but dependent on temperature. 
The principles of temperature dependent chemical reactions 
causing composition and structural changes are discussed. 


ENGINEERING CONTROL OF GRAY IRON composi- 
tions and structures is always associated with the melt- 
ing practice followed in the foundry. Gray cast irons 
may be structurally and chemically altered in several 
ways by temperature, fuels, refractories, slags. atmos- 
pheres, cooling rates, inoculants, the charge, furnace 
operation, and other melting variables. The end- 
product is an integrated result of the interactions of 
the aforementioned variables. Some of these factors 
have been successfully investigated and reported in 
the literature while others remain to be studied. It is 
the intent of this paper to present the results of a 
study of certain fundamental melting phenomena 
which direct the course of composition and structural 
changes in gray cast iron. 


Chemical Composition 


Composition changes in melting gray cast iron are 
normally considered from a total viewpoint as losses 


* Ab.tracted from a thesis submitted by E. A. Lange in 
partial fulfillment of requirements for a Master of Science de- 
gree at the University of Wisconsin. 

** Graduate student, Department of Mining and Metallurgy, 
University of Wisconsin. 

*** Assistant Professor of Metallurgical Engineering, Depart- 
ment of Mining and Metallurgy, University of Wisconsin. 
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or gains. Losses of silicon and manganese result from 
oxidation. Gains may occur from contact of the iron 
with the fuel in the case of carbon and sulphur. Such 
changes are viewed as the normal course of events 
and are rectified by adjustments in the charge or 
melting practice. While knowledge of overall changes 
in composition is satisfactory for some practical pur- 
poses, it does not clarify the nature and direction of 
the chemical processes involved nor does it provide 
explanation when the anticipated changes do not oc- 
cur. Accordingly, the authors determined first to study 
the nature and direction of composition changes in 
molten cast irons to determine the principles in- 
volved under a variety of melting conditions. 


Air Oxidation 


Since this was a laboratory investigation induction 
melting was employed. The molten iron was con- 
tained in a silica crucible because of the silicious na- 
ture of many refractories and slags. However, effects 
of other refractory crucibles were studied and these 
are taken up later. Eight-pound heats of iron were 
melted down in the induction furnace and raised to 
a pre-selected temperature and held at this tempera- 
ture in contact with air to permit oxidation of the 
iron to progress. The metal used for these tests was 
taken from scrap castings made of cupola gray iron 
in a commercial foundry. The object of these tests 
was to study the effects of temperature on change in 
carbon and silicon percentage in the iron under the 
oxidizing conditions attained by induction melting. 
The results of oxidation of the iron when held at 
various temperatures in contact with air are shown in 
Fig. 1. 

From Fig. 1 the importance of temperature in el- 
fecting the direction of composition changes with re- 
spect to carbon and silicon may be seen. Oxidation of 
both of these elements is seen to be greatly influenced 
by the temperature at which the oxidation occurs. At 
low temperatures (2375 F) Fig. 1 reveals that carbon 
is not oxidized from the metal whereas silicon is. The 
protection of carbon may be related to two actors. 
First of all, the ability of silicon to react with oxygen 
decreases as temperature increases. On the other hand, 
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carbon reacts more strongly with oxygen as tempera- 
ture increases (see Ref. 1 for the theoretical principles 
substantiating these statements). Thus silicon, at the 
lower temperature, combines more strongly with oxy- 
gen than does carbon and therefore may assert a pro- 
tective action on the carbon. 





7 Carson 
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Fig. 1—Curves showing changes of carbon and silicon 
percentages in molten cast iron held at the tempera- 
tures indicated in a silica crucible in contact with air. 


Another factor which may prevent the oxidation 
of carbon at the low temperatures exists in the forma- 
tion of a scum or dry slag which covers the surface ol 
the metal. This scum is a characteristic of normal 
cast iron compositions when they exist at temperatures 
below about 2550 F. The scum cannot be removed 
by mechanical means. If attempts are made to re- 
move it, it re-forms immediately. The scum thus ap- 
pears to be a reaction product which forms when 
the molten cast iron reacts with oxygen in air at 
temperatures below 2550 F and may be considered a 
slag phase which normally is generated by the iron at 
these lower temperatures. Reference | is cited as pro- 
viding the reasons and experimental evidence fon 
this statement. The nature of the scum has been de- 
termined. It consists of a mixture of a-—crystobalite, 
magnetite, and a small amount of fayalite, the mix- 
ture containing about 50 to 60 per cent iron oxide.! 
This scum may act as a barrier in preventing the re- 
action between oxygen in air and the carbon in the 
iron. 

On heating, the scum disappears at about 2550 F 
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and the surface of the melt becomes clear. It is postu- 
lated that carbon reduces the oxides which make up 
the scum and thus causes them to disappear from the 
surface of the melt. When the scum has been re- 
moved by heating the iron it becomes possible for 
the atmosphere to oxidize the molten iron and hence 
oxidation of the carbon proceeds readily. The curves 
for 2680, 2900, 3000 F shown in Fig. 1, indicate the 
course of oxidation of the carbon at these tempera- 
tures. Since the carbon appears to oxidize at a steady 
rate, straight lines are obtained on a graph. Concur- 
rent with the disappearance of the scum from the sur- 
face of the metal, the changes in silicon percentage of 
the melt alter in their direction. As temperature in- 
creases it is seen that silicon is no longer oxidized 
from the iron. There is, in fact, a silicon pickup due 
to reduction of silica in the silica crucible by the car- 
bon in the iron. 


1. SiO, (solid) + 2C = Si + 2 CO gas).* 


The above reaction results in the evolution of CO 
bubbles and pitting of the crucibles, especially at 
elevated temperatures. 

As in the case of other chemical reactions, this 


* When underlined, the symbol signifies that the element 
is dissolved in molten iron. 
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Fig. 2—Graph showing calculated equilibrium concen- 
trations of percentage carbon and silicon for the re- 
action SiO,(s) + 2C = Si + 2CO(g) in molten iron- 
carbon-silicon alloys contained in a silica crucible 
under one atmosphere pressure of CO. Solid curves 
indicate temperatures where silica reduction will oc- 
cur spontaneously if an excess of carbon is present. 
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process is temperature and concentration dependent. 
The temperature at which this reaction proceeds spon- 
taneously to the right was calculated as being 2671 F. 
The latter temperature is evidently in agreement with 
the course of reactions as shown in Fig. 1. The effect 
of concentration is evidently quite great since, from 
Fig. 1, it may be seen that carbon can be oxidized 
down to | per cent with continued increase in silicon 
pickup at 3000 F; i.e. Reaction | continues to go to 
the right even with less than | per cent C in the melt. 

The equilibrium relationships between carbon and 
silicon where Equation 1 would progress neither to 
the right nor to the left have been calculated for 
various temperatures.! These equilibrium composi- 
tons are shown plotted as curves in Fig. 2. 

Figure 2 presents graphically the importance of 
oxidation-reduction reactions in controlling the direc- 
tion of chemical composition changes in molten cast 
irons. The reader is referred to Ref. 1 for a detailed 
analysis of these principles. For the present purposes, 
it may be pointed out that Fig. 2 indicates the in- 
fluence of concentration and temperature on compo- 
sition changes within the limitations of the assump- 
tions made in calculations. An excess of silicon over 
an equilibrium concentration would permit oxidation 
of that silicon to occur at the temperature involved. 
An excess of carbon over the equilibrium concentra- 
tion would permit the oxidation of carbon, the re- 
duction of silica, and result in silicon pickup accord- 
ing to Reaction 1. 

While the curves of Fig. 2 apply to theoretical con- 
ditions which do not exactly fit the practical cir- 
cumstances of cast iron melting, nevertheless they re- 
veal the basic chemical equilibria involved, and there- 
fore the direction taken by chemical processes in the 
iron. For example, it can be seen that once a normal 
cast iron is heated to temperatures above 2671 F the 
silica reduction reaction becomes a predominating in- 
fluence in directing the course of composition changes. 
If no other factors were operating in the normal melt- 
ing temperature ranges, it would be expected on the 
basis of this laboratory work that all gray cast irons 
would increase in silicon and decrease in carbon con- 
tent during the upper temperature ranges of normal 
melting operations. From Fig. 2 it appears that all 
cast irons contain more than sufficient concentration 
ot carbon to insure the progress of silica reduction 
when the iron is contained in silica refractories. This 
has been proven under foundry operating conditions 
for malleable cast iron compositions.” 

In conclusion it may be stated that normal cast 
irons are of a chemical composition which is non- 
equilibrium in nature and which will change chem- 
icai composition in a direction governed mainly by 
temperature; lower temperatures promoting the oxi- 
dation of silicon and the protection of carbon; higher 
temperatures promoting the oxidation of carbon and 
silicon pickup. 


Influence of Furnace Atmosphere 


In considering the composition changes of carbon 
and silicon which have been discussed in the preced- 
ing paragraphs, the effects of the melting atmosphere 
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should be more fully examined. The composition 
changes obtained in Fig. 1 were the result of action 
between the molten metal, the air over the metal 
surface, and the refractory. At temperatures where 
the oxidation of carbon progresses, the composition 
of the air over the metal becomes enriched in carbon 
monoxide and carbon dioxide. Changes in this at- 
mosphere by convection permits oxidation to pro- 
gress. If an atmosphere of carbon monoxide were 
held over the surface of the metal it should be pos- 
sible to eliminate the oxidation of carbon by the 
air atmosphere. 

To siudy this possibility, tests were made at two 
different temperatures, 2375 and 2800 F. Eight-pound 
heats of gray iron were again melted in an induction 
furnace having a silica crucible. The crucible was 
covered and sealed and provided with means of in- 
troducing a carbon monoxide atmosphere over the 
melt. Purified tank carbon monoxide was used for 
this purpose. Temperature of the metal was mea- 
sured by Pt-Pt 10% Rh thermocouple. A sufficient 
flow of gas through the furnace was maintained to 
produce a slight positive pressure of CO. The metal 
was held under the gas atmosphere for I hr at the 
temperatures stated. 

Gas samples were taken at intervals during this 
period and their analysis is given in Table 1. In 


TABLE 1—CoMPosiTION CHANGES UNDER CO 
ATMOSPHERE IN SILICA CRUCIBLE 











Temp. Analysis Time, Min 
% 0 15 30 45 60 

2375 Cc 3.24 3.24 3.24 62 3.21 
Si 2.26 2.26 2.22 2.25 2.25 
co, 8.88 - 6.03 "s 6.00 
co 91.12 a 93.97 = 94.00 

2800 Cc 3.22 3.18 3.15 3.11 3.10 
Si 2.23 2.25 2.30 2. 2.33 
co, 2.78 sm 2.27 2.00 
co 97.22 - 97.73 a 98.00 





Table 1 it is seen that the composition of the at- 
mosphere over the melt gradually settled to a fairly 
steady value. During the l-hr period samples were 
withdrawn from the metal at 15-min intervals. Com- 
position changes which occurred are presented in 
Table 1 and Fig. 3. From Fig. 3 it can be seen that 
the results obtained at 2375 F under a CO atmos- 
phere are little different from those obtained in air. 
However, at 2800 F a marked difference is noted. 

The oxidation of carbon is markedly inhibited in 
the presence of a CO atmosphere. There is, however, 
a loss in carbon and a gain in silicon as might be 
expected at this temperature from Equation 1. This 
observation points out that carbon losses at high 
temperatures originate from two sources. The minor 
loss occurs by the reaction of carbon with silica in 
the furnace lining. Such carbon loss is accompanied 
by a chemically equivalent increase in silicon pet- 
centage in the melt. This fact is demonstrated in 
Table 1 and Fig. 3 by a 0.'2 per cent decrease in car- 
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bon and a 0.10 per cent increase in silicon in 1 hr at 
2800 F. 
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Fig. 3—Curves showing changes of carbon and silicon 
percentages in molten cast iron held under a carbon 
monoxide-rich atmosphere at the temperatures in- 
dicated. 


While this composition change is not exactly chem- 
cially equivalent, it is sufficiently accurate to demon- 
strate the point in question. The latter type of car- 
bon loss may be described as indirect oxidation, i.e., 
that lost by reaction between carbon and silica. The 
major oxidation loss of carbon which may occur in 
contact with more oxidizing atmospheres than CO, 
for example as in the data of Fig. 1, occurs by direct 
oxidation of carbon by the reaction 


2. C+ 0 =CO). 


This reaction occurs when the surface of the metal is 
clear and free of the scum described previously. In 
other words, the direct oxidation of carbon progresses 
readily in an oxidizing atmosphere above the tempera- 
tures where the dry slag disappears from the surface 
of the metal. 

The furnace atmosphere thus influences the rate at 
which carbon oxidizes from the molten iron at ele- 
vated temperatures. Minimum oxidation of carbon 
occurs under a CO atmosphere while oxidation loss 
increases with more oxidizing atmospheres and also 
with increasing rate of movement of the oxidizing 
atmosphere over the surface of the metal.? 

In connection with the dry slag, it should be pointed 
out that this slag persisted even under the carbon 
monoxide atmosphere so that it appears to be a norm- 
al reaction product between oxygen and molten cast 
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iron at low temperatures. Thus, at low temperatures 
the metal is virtually in equilibrium with a slag 
phase. At higher temperatures, above 2550 F, the slag 
phase disappears, and the metal co-exists with a gas 
phase, oxidation progressing in a manner limited 
by the composition of the gas. However, the presence 
of a slag phase generated by the iron at any tempera- 
ture is a function of the composition of that iron. It 
has been shown that a slag may be present or absent 
at any particular temperature depending on the sili- 
con content of the iron.1 When an excess of silicon is 
present over that which is in apparent equilibrium 
for Reaction 1 (see Fig. 2), the excess is oxidizable 
and results in the formation of the persistent dry 
slag referred to above. Composition changes con- 
comitant with the presence of the dry slag, i.e., excess 
silicon, are oxidation of silicon and protection of 
carbon in the iron. 


Effect of Coke 


Coke is commonly regarded as a source: of carbon 
and sulphur pickup in cast irons. However, in the 
light of the predominating influence of silica reduc- 
tion, Equation 1, it appears that coke may have a 
further effect in promoting silicon pickup at high 
temperatures. An experiment was performed to test 
this possibility. An 8-lb heat of gray cast iron was 
melted in a silica crucible and held under a 1-in. 
layer of coke at temperatures of 2700 F and 2950 F, 
for a period of 1 hr. Composition changes under 
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Fig. 4—Curves showing changes of carbon and silicon 
percentages in molten cast iron held under a layer of 
coke at the temperature indicated. 
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these circumstances are presented graphically in Fig. 
4. Fron. Fig. 4 it can be seen that silica reduction is 
promoted by the presence of solid carbon in the form 
of coke, even at the low temperature of 2700 F. 

It can be seen by comparing Fig. 1 and 4 that the 
rate of silicon pickup in the presence of coke is greatly 
accelerated over that which occurs in its absence. 
Furthermore, because of the solubility of carbon in 
cast iron the carbon content of the metal does not 
decrease but rather increases to a certain level of 
concentration during the period of silicon pickup. 
Thus, it appears that conditions similar to those oc- 
curring in the well of a cupola, where coke and iron 
are in direct contact, favor processes of silica reduc- 
tion. This is to be expected in view of the chemical 
principles involved. 


Effects of Refractory Type 


It was considered possible that the type of refrac- 
tory employed for containing molten iron might 
change the direction of oxidation or reduction reac- 
tions which cause changes.in the chemical composition 
of molten iron. Accordingly, a series of tests were run 
in other types of crucibles. The magnesia crucible 
was utilized for one series wherein heats were made 
at 2375, 2680, 2900 and 3150 F. The composition 
changes with respect to carbon and silicon which oc- 
curred, using the magnesia crucible, are tabulated in 
Table 2. 

It can be seen from Table 2 that the same general 
trend of composition changes persist in the magnesia 
crucible as well as in the silica crucible. The fact 
that silicon pickup occurred at the two higher temp- 
eratures in the magnesia crucible is difficult to explain 
in view of the fact that the crucible refractory con- 
tains almost no silica. However, it is thought that this 
pickup was due to the reduction of silicious slags 
which develop during melting down of the iron and 
adhere to the upper part of the crucible walls in con- 
tact with iron. Carbon changes proceeded exactly as 
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mental reactions are the same as in the case of the 
silica crucible with slight modification. Definite silicon 
pickup over a l-hr period was noted at 2680 F and 
the amount of carbon loss is slightly lower. These 
variations are readily explained on the basis of the 
normal composition of clay-graphite type crucibles. 

Apparently the type of refractory crucible used tor 
induction melting does not alter the direction of com- 
position trends although their magnitude is influ- 
enced. 


Influence of Type of Slag over Melt 


Composition changes which may be caused by slags 
were investigated. Since the iron oxide content of a 
slag may act as a source of oxidation with respect to 
carbon and silicon in the iron, an attempt was made 
to evaluate the effect of FeO content ii two different 
cupola slags. One slag was selected because it was 
known to be high in FeO content and black in color. 
This particular slag was produced by adding iron ore 
to the regular cupola charge and it contained 12.62 per 
cent FeO and 37.64 per cent SiO., the balance being 
considered calcium oxide, aluminum oxide, magnes- 
ium oxide and alkali oxides usually present in the 
slags. 

The other slag was considered to be a normal cu- 
pola slag, dark green in color and containing 5.38 
per cent FeO and 45.54 per cent SiO., with the bal- 
ance considered the oxides mentioned before. The 
latter slag was obtained from a commercial foundry. 
Gray cast iron scrap was melted in a silica crucible 
and covered with a half-inch layer of the slag material. 
A series of heats was made at different temperatures 
for each slag. The change in composition of the 
metal and slag over a I-hr period was determined. 
Some slag composition changes are shown in Table 3. 
while the change in chemical analysis of the metal 


TABLE 3—SLAG ANALYSIS 























in the case of the silica crucible. The same observa- a After I hr After 1 hr 
Lion with respect to the dry scum forming at tempera- a Mrscal a ero 
+ . ° Slag Us 1t10n a 
tures below 2550 F and disappearing at temperatures a = ee sn : 
above that apply. It is thus concluded that the mag- I. Iron — “i qi 
nesia crucible does not alter the fundamental oxida- a —— — 12.62 6.05 
‘ ; ’ . ; 2.62 +s 05 
tion or reduction reactions which are involved. OG SiO, 37.64 49.00 
The effects of clay-graphite type crucibles were 2. Normal cupola slag 
tested by the same method. Composition changes of (green) 
) . ; FeO 5.38 13.94 4.53 
molten iron in contact with this refractory are also %SiIO 45.54 446 58.94 
given in Table 2. Again it is seen that the funda- c =e . 
TABLE 2—AirR OXIDATION DURING INDUCTION MELTING 
Time, Min. 0 15 30 45 60 90 
Composition C Si Cc Si Cc Si Cc Si Cc Si Cc Si 
: Magnesia Crucible oh Tana 1 
2375 F 3.40 2.42 3.37 2.39 3.35 2.35 3.35 2.35 3.35 2.30 
2680 F 3.18 2.40 2.93 2.37 2.67 2.34 2.42 2.40 2.16 2.38 
2900 F 2.96 2.34 2.71 2.38 2.41 2.40 2.12 2.45 1.835 2.45 
3150 F 2.98 2.82 2.68 2.36 2.36 2.38 2.08 2.39 1.76 244 
Clay—Graphite Crucible 
2375 F 3.26 2.36 re eee 3.24 2.29 dein vee 3.25 2.33 3.27 2.28 
2680 F 3.26 2.42 saiaed saat 2.78 2.44 ics aaa 2.33 2.48 
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. is illustrated in Fig. 5 and 6, and Table 6. In Fig. 5 


and 6 it is seen that there is a pronounced difference 
in the effects produced by the two slags. 
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Fig. 5—Curves showing composition changes of the 
carbon and silicon percentages in molten cast iron 
held at the temperatures indicated under an oxide- 
rich black cupola slag in a silica crucible. 


The one with the higher iron oxide content (Fig. 
5) caused oxidation of silicon even at temperatures 
where silica reduction from the crucible walls would 
be expected to cause an increase in the silicon per- 
centage in the melt. In other words, the silicon picked 
up by silica reduction is offset by the loss of silicon 
in the metal due to its reaction with the iron oxide 
in the slag. Table 3 shows that the oxide rich slag 
decreases from 12.62 per cent to 6.05 per cent FeO 
over an hour’s period at 2900 F. This decrease in FeO 
in the slag is partly brought about by reaction with 
the silicon in the iron and also with carbon in the 
iron. The essential point involved appears to be that 
an oxidizing slag may cause oxidation of silicon at 
temperatures where the silicon pickup would normally 
be anticipated. It was noted that the loss in silicon 
over a l-hr period was approximately 0.10 per cent 
at all three temperatures tested. The effectiveness 
of FeO in causing silicon oxidation at all tempera- 
tures will be referred to again. 

The oxidizing slag should be considered as an *x- 
traneous slag, that is, one not normal to the molten 
iron in the sense that it would not be generated by 
the iron itself. This statement is made with the 
thought that at high temperatures the molten iron 
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normally co-exists with an atmosphere phase rather 
than with a slag phase. The slag itself is extraneously 
introduced from some source such as coke ash, low 
temperature oxidation products of the metal, or from 
the refractories. 

The influence of a low iron oxide content slag on 
metal composition is quite different, as revealed in 
Fig. 6. Strangely, the iron oxide content of this slag 
increases at low temperature but decreases at high 
temperature. It can be seen from Fig. 6 that the low 
iron oxide content slag does not result in oxidation 
of silicon at the higher temperatures. In fact, a slight 
amount of silicon pickup is noted over the 1 hr peri- 
od. It appears that a slag which is low in iron oxide 
content may inhibit the reduction of silica by carbon 
in the molten iron but does not completely prevent 
it. Thus, the fundamental direction of chemical 
composition changes at elevated temperature when 
molten iron is in contact with lower iron oxide slags 
is still in the direction of the silica reduction reaction. 

The exact iron oxide content of the slag which 
will cause oxidation of the silicon at elevated temper- 
atures was not determined in this investigation. It 
may be a function of several of the other ingredients 
of the slag and that in itself would require extensive 
investigation. However, for the purpose of this work 
it is clear that Reaction | is a fundamental factor in 
causing composition changes in molten cast iron. The 
tendency of this reaction to proceed to the right is 
always operative at temperatures above 2671 F. But 
the mitigating effects of the slag may over-shadow 
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Fig. 6—Same as Fig. 5 but utilizing a normal green 
cupola slag rather than the oxide-rich slag. 
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the fundamental equilibria involved by causing some 
limited oxidation of silicon at the higher tempera- 
tures. With respect to carbon, by a comparison of 
Fig. 1, 5, and 6 it can be seen that the slags delayed 
the loss of carbon, probably through a simple barrier 
effect in preventing the reaction between the molten 
iron and the atmosphere above it. 

A question is posed by the results of composition 
changes caused by slags containing iron oxides. The 
question may be simply stated as follows: Why does 
an iron oxide-containing slag cause oxidation of sili- 
con at temperatures where the reduction of silica and 
consequent silicon pickup would normally be ex- 
pected? The answer is obtained by considering that 
a new substance has been introduced into the system 
of reacting chemicals. As has been pointed out pre- 
viously, a slag phase is not normally generated by at- 
mospheric oxidation of the iron at high tempera- 
ture due to the protective or reducing power of the 
carbon in the iron. Under these conditions, the re- 
action of silica reduction, 1. SiO, (s) + 2C = Si + 
2 CO (g), regulates the progress of composition 
changes. Only the excess carbon above the equili- 
brium concentrations for Reaction | is oxidized, Fig. 
2. However, in the presence of iron oxide a new 
reaction may occur as follows: 


3a. Si+4 FeO (1)=—2 FeO'SiO, (liquid slag)+2Fe (1) 
3b. AF° (1600°C.) = —66,680 4+ 18.15T 

The free energy changes which accompany Reaction 
3a are given by Equation 3b. Equation 3b was cal- 
culated from data presented by Richardson.’ Free 
energy values may be viewed as a measure of the 
tendency for a reaction to occur. Comparing values 
at 1600 C (2912 F), 4 F = —7860 cal gm atm! for 
Reaction 1, and 4 F = —32680 cal gm atm for Reac- 
tion 3. The higher negative 4 F value for Equation 3 
is interpreted as meaning that this reaction is likely 
to occur to a greater extent than 1, providing a source 
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of FeO is available. The slag provides the FeO and 
thus causes loss of silicon from the metal even at 
temperatures where such loss would not occur were 
the slag absent. The experimental data (Fig. 5 and 
6) show that the effect of Reaction 3 overbalances the 
effect of Reaction | and results in a net loss of silicon 
providing the FeO content of the slag is sufficiently 
high. However, when the FeO content of the slag is 
too low, Reaction 3 is not able to progress to a 
marked extent. Silica reduction again becomes thie 
predominating influence in causing silicon percent- 
age composition changes and results in silicon pickup. 

Further tests were made to determine the behavior 
of iron oxide as the active factor in the slag which 
causes silicon loss at elevated temperatures. Fourteen- 
pound heats of gray iron were made, to which a con- 
stant magnitude addition of iron oxide as mill scale 
was made at temperatures of 2500, 2700, 2900 and 
3000 F. The procedure by which these heats were 
made is described in a later section. The object here 
was to determine the composition changes produced 
by oxidation resulting from iron oxide additions. The 
composition before and after the addition is reported 
in Tabie 4. From Table 4 it is seen that iron oxide 
additions caused oxidation of silicon at all tempera- 
tures investigated. This effect is distinctly different 
from that produced by atmospheric oxidation even 
when accelerated rates of air oxidation are utilized 
as in Ref. 1. 

The constancy of silicon loss reported in Table 4 at 
all temperatures indicates that Reaction 3 is relatively 
insensitive to temperature. The former observation 
was also noted as an effect of FeO in the slags tested 
and is a conclusion which agrees with the theoretical 
information available from Richardson.? It is evi- 
dent from Table 4 that the elements phosphorus and 
sulphur are little affected by the oxide additions; 
the latter a circumstance to be anticipated. From 
Table 4 it is also seen that the percentage of carbon 


TaBLe 4—Errect oF IRON OXIDE ADDITIONS ON COMPOSITION** 








Temperature and Material %C A C* % Si ASi*® %Mn AMn* YP a 2 %$ A'Ss* 
2500 F 
1. Base Metal 3.20 - 2.52 “ 0.48 ef 0.79 - 0.072 a 
2. After iron oxide addition 3.19 =i 2.44 —.08 0.47 — 0.79 0 0.072 0 
$8. After iron oxide addition 
followed by 0.20% Al addition 3.19 — 2.38 an $4 0.44 —.04 0.80 +.01 0.075 +.003 
2700 F 
1. Base Metal 3.23 oP 2.58 i 0.47 he 0.81 is 0.072 ‘a 
2. After iron oxide addition 3.21 —.02 2.45 ome 45 —_— . 0.80 —_— 0.077 +.005 
3. After iron oxide addition 1 
followed by 0.20% Al addition 3.22 — 2.44 m4 0.42 5 0.82 +.01 0.078 +.006 
2900 F 
1. Base Metal 3.31 a 2.60 ie 0.53 ae 0.79 ae 0.072 ih 
2. After iron oxide addition 3.29 omit 2.46 onnl® 0.51 —.02 0.81 +.02 0.075 +.003 
8. After iron oxide addition 
followed by 0.20% Al addition 3.28 —.03 2.46 — 0.47 —.06 0.82 +.03 0.076 +.004 
3000 F 
1. Base Metal 3.18 ks 2.51 te 0.52 - 0.80 rr 0.078 ; 
2. After iron oxide addition 3.14 —.04 2.37 14 0.50 —_ . 0.79 il 0.078 0 
8. After iron oxide addition 
followed by 0.20% Al addition 3.12 —.06 2.37 ee 0.51 — 0.79 — | 0.079 +.001 


* Values refer to total change in analysis from base metal to end of each step. 
**Iron oxide additions consisted of mill scale. The amount added to the metal in each case was equivalent to 0.20% oxygen for 


the oxide figured as Fe,0,. 
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lost by oxidation although small increases with temp- 
erature, a point made earlier in this paper. 

The data discussed in the preceding paragraphs 
clearly emphasize the differences in oxidation losses 
produced by atmospheric oxidation and by oxidation 
due to iron oxide either alone or in a slag. However, 
it should be recognized that silicon losses caused by 
iron oxide-bearing slags do not mean that the ability 
of carbon to reduce silica is nullified by their pres- 
ence. Such silicon losses are merely a reflection of 
net composition losses resulting from two opposing 
directions of change. 

Since iron oxide promotes the oxidation of silicon 
at all temperatures, rust on the metal might be con- 
sidered as a cause of unusual analyses variations dur- 
ing melting. A few tests were made to study this 
point. Some melting stock was rusted by outdoor ex- 
posure for four months. The rusty scrap was melted 
down, the slag skimmed, and then samples were taken 
at 2375 F, 2680 F, and 2900 F as the metal was raised 
to 2900 F, and finally after holding 60 min at 2900 F. 
The same procedure was followed but with melting 
stock that had been cleaned by blasting. Composi- 
tions obtained are reported in Table 5. It can be 


TABLE 5—EFFECT OF RUST ON ANALYSIS OF MELT* 








Material Clean Scrap Rusty Scrap 

Go Gi %C %Si 

Melting Stock 3.40 2.60 3.35 2.56 

2375 F 3.28 2.42 3.20 2.38 

2680 — 0 min 3.27 2.42 3.16 2.36 

2900 — 0 min 3.21 2.47 2.94 2.30 
2900 — 60 min Pickup in 60 min Pickup in 60 min 


= 0.13% Si = 0.13% Si 


* Silica Crucible 





seen that the rusty material caused greater loss dur- 
ing heating to 2900 F than the clean material; a total 
loss of 10.1 per cent for the former as compared with 
6.90 per cent for the latter. Further, losses continued 
from 2375 F up to 2900 F with the rusty scrap but 
did not with the clean material. Total pickup at 2900 
F in each case was 0.13 per cent over a 60-min period. 

From these data it appears that rust on the melt- 
ing stock causes oxidation not characteristic of clean 
material and produces effects which carry over through 
the entire melting temperature range. In addition the 
effects of rust follow the principles established as 
general for iron oxide. 

Another example of the influence of iron oxide in 
causing composition changes was noted in connection 
with a cupola research project. Some work was done 
by Leon Monson,* investigating the effects of iron 
ore additions to the cupola charge as a means of in- 
creasing the yield of iron obtained from the cupola. 
Monson§ studied additions up to 15 per cent of iron 
ore to a normal cupola charge. Increasing ore addi- 
tions resulted in higher iron oxide content in the 


*Instructor, Dept. of Mining and Metallurgy, University of 
Wisconsin, Madison, Wisconsin. 
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cupoia slag. Slag from heats with no ore additions 
contained about 6.7 per cent FeO while the addition 
of 15 per cent of the charge as iron ore produced slags 
averaging 12 to 16 per cent FeO. Oxidation losses of 
silicon were tremendously increased by the higher 
FeO content in the slag. The initial composition 
averaged about 2 per cent silicon in the iron tapped 
from the cupola when no ore was utilized. The ore 
additions producing the higher iron oxide slag low- 
ered the percentage of silicon to the range of 0.90 to 
1.3 per cent for the same charge materials depending 
on the particular heats investigated. 

From these data it is concluded that high iron oxide 
contents in cupola slags produce oxidation loss of 
silicon in the cupola as well as when those same 
slags are studied experimentally in the induction 
furnace. 

Factors Influencing Composition Changes 


Net composition changes occurring when cast irons 
are melted are seen to be the result of a number of 
interrelated factors. Silicon is most readily oxidized 
at low temperatures and functions as a protective 
agent for carbon. A dry slag is a normal low temper- 
ature phase existing in contact with molten iron and 
resulting from oxidation of silicon and iron. At 
temperatures above 2550 F, the reducing power of 
carbon inhibits the oxidation of silicon and, in fact, 
causes silica reduction at temperatures above 2670 F 
when the molten iron is in contact with the normal 
gas phase generated by air oxidation of the iron or 
in a CO atmosphere. The direction of composition 
changes at elevated temperature is governed by two 
fundamental reactions as follows: 


2. C+ O0=CO g) 
l. SiO.(s) + 2C = Si + 2 CO gy) 





Reaction 2 results in rapid atmospheric oxidation of 
carbon from the metal concurrently with an increase 
in silicon percentage which occurs as a consequence 
of Reaction 1. These reactions occur whenever cast 
irons are heated through normal melting tempera- 
ture ranges in silicious refractories as a result of the 
fact that such irons are non-equilibrium composi- 
tions; the direction of change being that of the funda- 
mental equilibria involved (Fig. 2). 

The experimental work reports only composition 
changes for the oxidizable elements silicon and car- 
bon. Manganese may be included as an element 
which behaves as does silicon; thai is it is readily oxi- 
dized at low temperatures and protected from oxida- 
tion by carbon at high temperatures. This has been 
adequately proven in Reference | so that manganese 
has not been considered in this paper. 

Slags may change the course of the reactions men- 
tioned above. The iron oxide content of the slag is 
a major factor in determining whether silicon will 
be oxidized or silica reduced at temperatures where 
reduction would normally proceed. As a consequence 
of the two conflicting reactions, over all changes in 
composition may show either a silicon loss or silicon 
pickup and thus reveal the predominating reactions 
which have occured. 
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Structural Effects Related to Melting 


In the course of obtaining the data on cheinical 
composition changes a number of observations were 
made relative to the structure of the cast iron pro- 
duced. As a part ofthe procedure in studying com- 
position changes, test bars were poured at points of 
interest. A standard wedge test for chilling tendency, 
a round test bar 314 in. long and varying from 1-in. 
diameter at one end to %& in. at the other and oc- 
casional keel blocks of the type used for cast steel 
were poured in core sand molds. Considering all the 
melting experiment discussed in the section on chem- 
ical composition, certain general observations may be 
made. 

Two factors were found to be of prime importance 
in altering the structure in the gray cast iron. These 
are, first, temperature; second, the effects of oxida- 
tion. The two factors were found to be interrelated. 

To illustrate the importance of temperature and 
oxidizing melting conditions, the results of a numbe 
of tests will be cited. The first case considered is that 
of a series of heats in which iron oxide as mill scale, 
predominantly Fe;0,, was added to the melt. A quan- 
tity of mill scale equivalent to 0.2 per cent oxygen 
was added to a 14-lb heat at 2500, 2700, 2900 and 
3000 F. From each heat a wedge test and a plate 
casting was poured prior to the addition of the mill 
scale and immediately after the addition of the mill 
scale. After pouring the second set of castings, an 
aluminum addition of 0.2 per cent aluminum was 
made in an attempt to remove the effects of oxidation 
produced by the mill scale. Subsequently a third set 
of castings was poured. Composition changes pro- 
duced by the mill scale additions are revealed in 
Table 4. From Table 4 it is seen that composition 
changes of the same order were produced by the mill 
scale addition at each of the four temperatures. How- 
ever, the effect of making the additions at various 
temperatures was quite pronounced in terms of struc- 
tural changes. 

Considering the chill tests at 2500 F no change was 
observed in the fractured wedge tests. There was a 
complete absence of chill in each of the three samples 
taken at that temperature. At 2700 F a white chill 
was observed in the apex of the wedge bar from the 
metal which had received the mill scale addition. At 
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2900 F the most marked difference became evident 
as revealed in Fig. 7. The fracture of the left test 
bar in Fig. 7 was that obtained from the base meial 
poured immediateiy after the temperature of 2900 F 
was reached. The middle test bar reveals the frac- 
ture obtained after the mill scale addition. The right 
hand test bar reveals the influence of the aluminum 
in removing the chilling tendency produced by the 
mill scale addition. These changes in chilling tend- 
ency could be produced at a temperature of 2900 F, 
by any of several oxidizing factors in melting. In 
other words, any oxidizing factor, in this case mill 
scale, produced a marked increase in the chilling 
tendency of the iron. This chilling tendency could 
be removed by the addition of a suitable deoxidizing 


agent. 





2500 F 2900 F 


Fig. 8—Chill test after iron addition at 2500 F (Left); 
2700 F (Middle); 2900 F (Right). Composition differ- 
ences of these three test bars are seen to be insigni- 
ficant as reported in Table 4. 


The importance of temperature in obtaining this 
effect cannot be over-emphasized. Fig. 8 illustrates 
this point. Considering only the metal poured atter 
the oxidizing addition of mill scale had been made, 
the chilling tendency was found to increase markedly 
with temperature. The first indications of increase in 
chill depth occur at about 2650 to 2700 F. Mottled 
structures such as those shown in the right hand frac- 
tured test bar may be produced at 2800 F and above 
by oxidizing melting conditions. In any case, the 
chill so produced may be removed by the addition of 
a deoxidizing element. 

The chilling tendency evident from the wedge tests 
is quite sensitive to cooling rate. From the metal 
produced at 2900 F three test plate castings were 





Fig. 7—Chill test of base metal poured at 2900 F (Left); 
(Middle), from 2900 F, but with addition of iron ox- 
ide; (Right), from 2900 F, with addition of iron oxide, 
and deoxidized with 0.20%, Al. See Table 4 for com- 
position. 


Fig. 9—Fractures of plate-type castings poured from 
2900 F. Upper fracture obtained in base metal poured 
immediately after reaching 2900 F. Middle fracture 
resulted when iron oxide was added to base metal at 
2900 F. Bottom fracture was obtained when 0.20%, 
Al was added to metal of middle sample. 
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poured. These castings were 214 in. wide x 9 in. long 
x \% in. thick. Fractures of these test plates poured 
from 2900 F are shown in Fig. 9. The upper bar is 
metal prior to the oxidizing addition, the middle bar 
shows the effect of the oxidizing addition, and the 
lower bar reveals the effect of the aluminum addition. 
In other words, the chilling tendency revealed in Fig. 
7 carried into small plate type castings, most notice- 
ably at the edges where the cooling rate is higher. 
Some of the structural changes referred to above 
might be ascribed to changes in composition caused 
by the mill scale additions. A study of Table 4 in- 
dicates that th:s is not the case. Furthermore, it is 
true that none of the compositions listed in Table 4 
would be expected to solidify with a chill structure 
of the ‘type shown in Fig. 8, right, unless the in- 
fluence of oxidizing melting conditions is considered. 


Effects of Melting under Slags 


Since a slag usually contains iron oxide, effects 
similar to those described above may be anticipated 
when molten iron is held under a slag. The composi- 
tion of metal held for | hr under two different cupola 
slags at different temperatures is given in Table 6; 
slag analysis being given in Table 3. Fractures of 
wedge tests and round bars poured from these irons 
are shown in Fig. 10 and I1, items | and 2. In Fig. 
10 test bars 1 and 2 show the effect of holding the 
metal in contact with the two different slags at temp- 


TABLE 6 





Carbon and Silicon Content 
After 1 Hr under Iron Oxide-Rich Slag 





2375 2=—s«2650 2900 
c 3.20 “2.90 mi 286 hen 
Si 2.11 2.04 1.97 


Carbon and Silicon Content 
After 1 Hr under Normal Cupola Slag 


2375 2900 
€¢€ " 3.26 2.89 
Si 2.30 | 2.40 








Fig. 10—Samples poured from 2375 F. Sample 12-1 
poured from under green, low iron oxide content 
slag; 12-2 poured from under black, high iron oxide 
slag, and 12-3 poured from uider CO atmosphere. 
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Fig. 11—Sample 13-1 poured from under green slag at 
2900 F; Sample 13-2 poured from under black slag at 
2900 F; Sample 13-3 poured from under CO atmos- 
phere at 2800F. Chemical analyses are reported in 
Tables 1 and 6. 


erature of 2375 F. Figure 10, test bar 1, applies to 
metal poured from under the normal cupola slag of 
low iron oxide content. Figure 10, test bar 2, applies 
to metal poured from under the cupola slag high in 
iron oxide. In both cases the metal is gray and shows 
no evidence of chilling tendency in the wedge bar. 
Figure 11, test bar 1, shows the chilling tendency of 
metal held under the normal cupola slag at 2900 F, 
while test bar 2 shows the chilling tendency of metal 
poured from under the iron oxide-rich slag at the 
same temperature. In both cases it can be seen that 
marked chilling tendency prevails at the higher temp- 
erature. In other words, the effect of the slag in 
promoting chilling is temperature dependent. 

It is interesting to note that the metal of Fig. 11, 
test bar 1, is about 0.4 per cent higher in silicon con- 
tent than that of test bar 2, while the carbon contents 
are about the same. In Fig. 11 it appears that higher 
silicon content diminishes the chilling tendency mild- 
ly in the slower cooled, round test bar but not in the 
wedge bar. The dependence of these chilling effects 
on temperature is indicated in Fig. 12. All three sets 
of test bars were poured from metal melted under 
the iron oxide-rich cupola slag. Test bar 2 poured 
from a temperature of 2650 F, shows only a slight 
chilling tendency in the test bar, whereas test bar 3, 
poured from 2900 F shows marked chilling tendency 
even though the compositions are essentially the same. 

The work with the oxidizing slag again points out 
the fact that the influence of temperature and oxidiz- 
ing melting environments are interrelated. At higher 
temperatures the oxidizing conditions promote chill- 
ing tendencies. It is interesting to note that even 
what is considered a normal green cupola slag is 
capable of producing chilling tendencies over ex- 
tended periods of time at elevated temperatures. How- 
ever, green cupola slags may vary considerably in FeO 
content so it should not be interpreted that all green 
slags will produce the aforementioned effect. It 
should again be pointed out that some investigators 
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might consider the structural changes related to com- 
position changes. However, the work with slags shows 
three compositions which are very similar in nature 
but which differ greatly in structure. Furthermore, 
the chilling tendencies produced may be completely 
removed by addition of a small amount of deoxidizer. 


Effects of Melting under CO 


Some interesting results were obtained when the 
iron was melted under a carbon monoxide atmos- 
phere. As stated earlier, the metal was held under a 
carbon monoxide atmosphere for | hr at two tempera- 
tures, 2375 and 2800 F. Fractures of test bars poured 
at each temperature are shown in Fig. 10-3 and 11-3. 
Figure 10, test bar 3, revealed that no chilling tend- 
ency is developed at the lower temperature. Figure 
11-3 shows that pronounced mottling is developed in 
the wedge test at the higher temperature, while a 
slight tendency for inverse chill occurs in the round 
bar. The composition of these two test bars is very 
similar, the lower temperature one containing 5.21 
per cent carbon, 2.25 per cent silicon, while the 
higher temperature bars contain 3.10 per cent and 
2.33 per cent silicon. The structural difference, then, 
is clearly one produced by some effect of temperature 
since this was the only significant variable between the 
two sets of test bars. Furthermore, it may be noted 
that the chilling tendency promoted under the CO 
atmosphere is not accompanied by any oxidation of 
silicon. 

At first it might be considered strange that melting 
under a carbon monoxide atmosphere produced the 
same effects as obtained by treating the molten metal 
with an oxidizing agent. Carbon monoxide is con- 
sidered as a reducing atmosphere in the sense that it 
is supposed to lower the oxygen content of the metal. 
However, this appears to be a fallacious point of 
view. The mechanism whereby oxygen escapes the 
metal at temperatures above 2671 F is through the 
evolution of carbon monoxide.!’ The metal becomes 
saturated with CO at the elevated temperatures. Sat- 
uration is promoted by CO bubbles passing through 
the metal by Reaction 1. The latter effect may be 
visually noted. The evolution of such carbon mon- 
oxide depends on the difference in atmospheric pres- 
sure of the ca ‘bon monoxide in the atmosphere over 
the melt and the vapor pressure of the carbon mon- 
oxide in the molten metal. 

When the pressure of carbon monoxide over the 
melt is one atmosphere, as in this experiment, the 
difference in pressure is almost one atmosphere less 
than when the metal is exposed to air. Clearly, then, 
the ability of carbon monoxide, or oxygen, to leave 
the metal is lowered by melting the iron under a car- 
bon monoxide atmosphere. In this sense, melting 
under a carbon monoxide atmosphere is actually oxi- 
dizing in that it may raise the oxygen content of the 
metal. This point has been amply demonstrated by 
Chipman and Marshall. They have proven that the 
oxygen content of iron-carbon alloys increases as the 
pressure of carbon monoxide over the melt increases. 
It thus appears that exposing the metal to a carbon 
monoxide atmosphere produces effects which are the 
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same as those produced by other oxidizing treatments 
at equivalent temperatures. 


Effects of Steam Treatment of Melt 


A series of tests was run in which live steam was 
bubbled through molten iron at 2600, 2700, 2800 anc 
2900 F. Steam was employed for the reason that it 
may act as a source of oxygen and may thus be oxidiz 
ing in nature by reacting with molten iron. As in th 
case of all the previous tests, temperature was found 
to be extremely important in determining the effects 
produced by this treatment. It was found that the 
temperature of 2600 F was inadequate for producing 
any change in the structure of cast wedge test bars 
even after bubbling the steam through the metal for 
6 min at the rate of 2.6 gm of water per minute. 
However, at 2700 F the amount of chill equivalent 
to that shown in Fig. 10 was obtained after 5 min 
of treatment. Further treatment at 2700 F produced 
no additional effects. 

However, at 2800 and 2900 F it was possible to pro- 
duce mottled and completely white wedge tests in 2 
to 4 min of steam treatment. Composition changes 
in this period are similar to those produced in the 
previous tests so that they are not here repeated. Test 
plates poured from the steam treated iron produce 
variations similar to those shown in Fig. 9. The 
question may be asked whether these effects are due 
to the oxygen obtained from the steam or whethei 
they are due to hydrogen. It should be pointed out 
that changes in structure of the kind produced by 
steam are not produced by bubbling dry hydrogen 
through the melt. Furthermore, the chilling tendency 
produced with steam can be removed by the addition 
of a deoxidizing element such as aluminum. Chilling 
tendencies promoted by steam are thus concluded to 
be due to the oxidizing effects produced by dissociated 
water on the metal. 


Effects of Cooling Rate 


The discussion presented in the preceding sections 
dealt mainly with the results obtained in wedge test 
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Fig. 12—Fractures illustrating influence of tempera- 
ture on effects produced by oxide-rich slag. Sample 
14-1 poured from 2375 F; 14-2 from 2650 F and 14-3 
from 2900 F. No significant difference in composition 
exists between 14-2 and 14-3. 
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bars. An observation of major importance with re- 
spect to the increased chilling tendency obtained by 
oxidizing melting conditions consisted of noting that 
such metals are extremely sensitive to the rate at 
which the molten metal is cooled. This is illustrated 
by comparison of the wedge fractures and fractures of 
round test bars, as shown in Fig. 10, 11 and 12. A 
wedge fracture test showing considerable mottling is 
shown in these figures to present considerably less 
mottling in the round test bar, especially wheneve1 
the carbon content is above about 2.8 per cent. In 
some cases only a few specks of white iron are noted 
in the round bar, even though the wedge bar is en- 
tirely mottled. Especially in the case of bars melted 
under a carbon monoxide atmosphere it was noted 
that the wedge bar was mottled, the round bar pre- 
sented only a few specks of white, and a keel block 
poured from this metal showed no mottling whatso- 
ever. 

From these observations it is concluded that the 
type of chilling tendency promoted by oxidizing melt- 
ing conditions is transient in nature. The effect is 
entirely lost during cooling in heavy sections and also 
when the carbon content of the iron is at a higher 
level. Both factors, heavy sections and higher carbon 
content, produce the effect of slower rates of cooling. 
Higher carbon content means that more of the metal 
freezes as a eutectic and hence a greater portion of 
solidification occurs at lower temperature and is thus 
delayed. 

The transient nature of the chilling tendencies 
produced by oxidizing melting media at elevated 
temperatures is related to the general chemical efiects 
which are produced by heating and cooling cast irons 
through normal melting temperature ranges. Reversi- 
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Fig. 13—Graphite distribution in plate casting poured 
(A) from 2500 F, no treatment; (B) 2500 F, after add- 
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bility of the chemical effectr. reported early in the 
paper, above and below the temperature range of 
2600 to 2700 F is the phenomenon likely responsible. 
Slow cooling would favor the return to conditions 
normal at the lower temperatures, Le., a gray frac- 
ture in the wedge test. It was found experimentally 
that the chilling tendency introduced into these irons 
at high temperatures could be removed by cooling to 
a lower temperature. Pronounced chilling tendencies 
produced by iron oxide additions at 2900 F, Fig. 7, 
were removed by cooling the metal to 2375 F in the 
furnace holding at that temperature and then pouring 
wedge tests. Such tests approximate the effects which 
are obtained by continuous cooling in massive cast- 
ings. Massari and Lindsay’ have reported the afore- 
mentioned decrease in chilling tendency produced 
by cooling irons to low temperatures below the maxi- 
mum melting temperature prior to pouring the chill 
test samples. 

However, their work was done with very low silicon, 
0.55 per cent, irons and much less severe changes 
were obtained. Higher sensitivity of the iron to rapid 
cooling rate is to be expected in higher silicon gray 
irons if reversibility of the chemical reactions is the 
factor responsible for the variable response to chilling. 
The former statement is based on a consideration of 
Fig. 2. From Fig. 2 it appears that low silicon irons 
must be cooled to much lower temperatures before 
the reaction SiO, (s) + C = Si + CO (g) ceases to go 
to the right or even can reverse and go to the left. 
On this basis the low silicon iron tested in Ref. 7 
would be expected to show less loss of chilling tend- 
ency on cooling from a higher melting temperature 
to a low temperature prior to pouring. In other words, 
the results reported in (7) and herein may be con- 







ing tron oxide; and (C) 2500 F after adding iron oxide 
followed by 0.20% Al. See Table 3 for chemical an- 
100%. 
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Fig. 14—Graphite distribution in plate casting poured 
from (A) 2700 F, no addition; (B) 2700 F, after adding 
Mag. 100. 


sidered as complementing each other. This depends 
on considering the alterations in chilling tendency 
produced by temperature to be due to the reversible 
nature of chemical reactions which occur when molt- 
en cast irons are heated or cooled through normal 
melting temperature ranges. 

Reversibility of chemical reactions on slow cooling 
molten iron introduces a new facet of the chemistry 
of gray irons. During cooling reversal of Reaction | 
suggests a self<leoxidizing power present in the iron. 
On cooling to temperatures where carbon is no longer 
capable of reducing oxides of silicon or manganese it 
would appear that these elements may become ef- 
fective in removing oxygen or CO from the melt. 
Nonmetallics, usually silicates, may then be formed 
and these may be present in the solidified iron as 
shown in Reference 1. Cessation of carbon monoxide 
evolution from the molten metal, and the appearance 
of nonmetallics, may be considered as visual evidence 
of the aforementioned reversal, or self-deoxidizing 
power. Such reactions are, of course, dependent on 
time so that cooling rate or factors that affect it be- 
come of vital importance in determining the extent 
to which equilibrium is approached at the lower temp- 
eratures. 


Graphite Distribution 


A considerable number of observations were made 
regarding the microstructure of the gray irons investi- 
gated in this work. Factors such as graphite type and 
size, nature of the nonmetallic inclusions, phosphide 
pattern, and other features were examined. An ex- 
tended report of these observations is considered out- 
side the scope of this paper. However, brief com- 
ment will be offered regarding graphite distribution. 
Graphite pattern was found to be related to chilling 
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iron oxide; (C) 2700 F, after adding iron oxide fol- 
lowed by 0.20%, Al. See Table 4 for chemical analyses. 


tendency. In general, cases of increased chilling tend- 
ency in the wedge test were accompanied by modified 
types of graphite in the round test bar and plate 
castings. 

One illustration of the aforementioned effect will 
be given. For this purpose, the iron oxide treated 
heats of Table 4 will be utilized since they offer a 
narrow range of variation in chemical composition. 
Graphite distribution in the plate-type castings pro- 
duced from heats at 2500, 2700, and 2900 F is shown 
in Fig. 13, 14, and 15. Figure 13 reveals that graphite 
pattern is relatively unaffected by the addition of 
iron oxide or aluminum at 2500 F. Figure 14 shows 
considerable refinement of graphite obtained as a re- 
sult of the higher temperature, 2700 F. Some indica- 
tions of modified graphite may be noted in Fig. 14 
but no pronounced influence results from the addi- 
tions. 

Figure 15 reveals marked modification of the graph- 
ite produced by the addition of iron oxide. The mod- 
ified graphite structure shown in Fig. 15b occurred 
in the gray areas of the plate casting illustrated in the 
middle fracture shown in Fig. 7. A graphite distri- 
bution in the location of white areas such as shown 
in Fig. 7 appear as shown in Fig. 15c. Deoxidation 
by means of adding aluminum resulted in marked 
return to the more normal graphite, Fig. 15d. The 
changes in graphite distribution discussed above were 
usually noted when marked changes in chilling tend- 
ency occurred. 

Like chilling tendency, graphite distributions ob- 
tained in castings were found to be very sensitive to 
cooling rate. For example, metal poured from under 
a CO atmosphere, Fig. 11-3, was noted to present a 
modified graphite distribution in the round test bar 
but a perfectly random distribution in a keel block. 


COMPOSITION AND STRUCTURE OF GRAY IRONS 
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Fig. 15—Graphite distribution in plate casting poured oxide, mottled area; (D) 2900 F, after adding iron 





oxide followed by 0.20%, Al. See Table 4 for chemical 
analyses. Mag. 100. 


from (A) 2900 F, no additions; (B) 2900 F, after adding 
iron oxide, gray area; (C) 2900 F, after adding tron 


gray cast iron. It is not desired in this paper to report 
a study of nonmetallic inclusions in gray cast iron 
but merely to point to the similarity of principles 
operating. Therefore no further reference will be 


Such sensitiveness to cooling rate is further evidence 
of the fleeting nature of some of the effects produced 
by melting under oxidizing conditions and at elevated 
temperatures. Thus, it is concluded that modified 
graphite so produced is the end-product of a combina- made to inclusions. 
tion of the melting and cooling rate factors deline- 
ated. The combination is such as to be most trouble- 
some in thin castings which must be poured from 


Summary 


Interrelationships are a prominent feature of the 





higher temperatures and which naturally cool rapidly. 

Observations of nonmetallic inclusions, sulphides 
and silicates, were made. Marked changes in type and 
size of inclusions as influenced by melting conditions 
were noted. Elevated temperatures favored the for- 
mation of large sulphides and some silicates under all 
conditions of melting studied. Deoxidation with 
aluminum was found to cause marked refinement of 
sulphides and ultimately duplex sulphides in a man- 
ner very similar to that reported for white cast iron 
providing initial temperature exceeded 2800 F. The 
changes in inclusions produced by aluminum followed 
the general trend of Type I, II, and III inclusions es- 
tablished as characteristic of deoxidation treatments 
but modified by the mechanism of solidification of 


data presented in this paper. Both structural charac- 
teristics as revealed by the wedge test and the direc- 
tion of chemical composition changes were shown to 
vary greatly above and below the critical temperature 
range of 2600 to 2700 F. 

Lower temperatures favor the reaction between sili- 
con in the iron and oxygen while carbon is relatively 
unoxidized. The oxidizability of silicon at low temp- 
eraiures results in the formation and persistence of a 
dry slag and favors the protection of carbon when 
oxidation is caused by exposure to gases. No bubbling 
of CO from the melt is visually evident. Under these 
conditions no unusual chilling tendency is produced 
in wedge tests or larger castings. Thus, at low temp- 
eratures composition changes are those normally anti- 
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cipated from oxidation while variations in chilling 
tendency appear to be absent. 

The reducing ability of carbon in molten iron be- 
comes active at temperatures coincident with marked 
changes in the direction of composition and_ struc- 
tural trends. At temperatures above 2700 F, carbon 
is readily lost from the molten metal by reaction with 
oxidizing gases. Yet, silicon is not oxidized at these 
temperatures by oxidizing gases because of the power 
of carbon reducing the reaction product, silica. In 
fact, silica reduction from silicious refractories pro- 
duces silicon pickup in the metal analysis uriless this 
effect or carbon is masked by slag reactions. Thus at 
higher temperatures effects the reverse of those at 
low temperatures exist and carbon loss and silicon 
pickup are normal trends of composition changes. 
Definite bubbling of CO from the melt due to reac- 
tion between carbon and the silica refractory is visu- 
ally evident. 

The reversal of effects discussed above over the 
temperature range 2600 to 2700 F is accompanied by 
pronounced change in the chilling tendency of the 
iron. Above about 2670 F, chilling tendency is greatly 
increased by exposure to oxidizing melting condi- 
tions; an effect which is not produced by the same 
conditions at low temperatures. 

The physical and chemical effects of temperature 
described above are concomitant. The physical obser- 
vations of increased chilling tendency and evolution 
of CO bubbles from the molten iron at higher temp- 
eratures follow as a consequence of the chemical re- 
actions prevailing at those temperatures. When sur- 
veyed for a major variable all reactions considered 
favor the retention of higher oxygen content in the 
iron at higher temperature. This variable whether 
considered as oxygen in solution, CO in solution or 
any other form is postulated as a dominating in- 
fluence in producing the chilling tendencies described. 
The carbide stabilizing tendencies produced by oxy- 
gen in white cast irons used for malleable iron have 
been studied, albeit indirectly, and reported in Refer- 
ence 5. The ability of deoxidizers to remove chill 
and the influence of oxidizing melting media to cause 
it support this viewpoint. 

Furthermore, it has been pointed out in detail that 
the only effective deoxidizer in normal molten cast 
iron above 2670 F is carbon.!| The latter element 
functions less effectively as a deoxidizer of the metal 
as temperature: increases due to increased solubility 
of CO. The silica reduction reaction above 2670 F 
favors increased solution since CO bubbles are gen- 
erated and percolate through melt. In this respect, 
Chipman and Schneble® have concluded that in- 
creased CO content in cast irons are responsible for 
the effects caused by superheating of gray cast irons. 
As pointed out previously superheating favors in- 
creased percentages of CO, and therefore oxygen, in 
solution. If oxygen in either form is.accepted as-a 
carbide stabilizing element, it is not surprising then 
that temperatures promoting chemical reactions which 
prevent the efficient deoxidizer silicon from function- 
ing coincide with temperatures producing marked in- 
creases in chilling tendency. 





COMPOSITION AND STRUCTURE OF GRAY [IRONS 


The fact that the chilling tendencies under dis- 
cussion are reversible further points to the role of 
the chemical reactions involved. Slow cooling through 
temperatures below 2550 F where silicon and manga- 
nese may act as self-deoxidizers of the iron results in 
mitigation or removal of the chilling effects pro- 
moted by oxidizing melting conditions at elevated 
temperatures. Rapid cooling prevents the attainment 
of the basic equilibria involved at the lower tempera- 
tures and favors retention of the higher gas content 
reached at the elevated temperatures. Therefore cool- 
ing rate would be expected to exert a profound in- 
fluence in determining the end result obtained at 
room temperature. The essential point with respect 
to cooling as well as heating molten cast iron is that 
the usual temperatures encountered cover the range 
where an element such as silicon may either actively 
react with oxygen or not. This viewpoint is thor- 
oughly presented in Reference 1. When such tempera- 
ture ranges are spanned, interrelationship of compo- 
sition and structural trends are thus congruent and 
inevitable under the proper circumstances of melting. 

In arguing for oxygen in the iron as a cause of the 
type of chilling tendency reported herein, it is not 
the authors’ intent to discredit all other possibilities. 
The theory offered is postulated as one which seeks 
to establish the common denominator for the parallel 
results obtained from investigating the effects of a 
number of melting variables; namely, refractories, 
slags, CO atmosphere, normal atmosphere, iron oxide 
additions, and steam treatment of the melt. The ex- 
perimental results obtained from the melting pro- 
cedures employed in this inyestigation seem to be 
fundamentally satisfied by considering the sum total 
of effects of temperature in relation to the principles 
of oxidation-reduction reactions prevailing in molten 
cast irons.!. Thus, structural changes in terms of 
chilling tendencies do not actually occur independent- 
ly of fundamental chemical changes in the molten 
metal. 
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DISCUSSION 


J. E. Rexper (Written Discussion):* This paper is a useful 
addition to the literature on the variables encountered when 
meiting cast iron, and much work remains to be done in this 
field. In general the experimental data agree with the experi- 
ence of the present writer, but there are points of interpretation 
of results on which there is not entire agreement. 

rhis writer must take exception to the statement that “normal 
cast irons are of a chemical composition which is non-equilibrium 
in nature.” This statement is unproven as it stands, and is 
meaningful only when the surroundings, such as container, are 
considered and specified. This may seem a minor point, but is 
important in its implications. 

The data showing that the addition of excess free carbon as 
coke or graphite increases the rate of silica reduction from 
refractories, is of interest, and is of importance in cupola prac- 
tice. In view of the high temperatures attained in the melting 
zone and well of a cupola, the siliceous slags obtaining with the 
acid refractories used, and the excess of hot coke, the writer has 
been and is of the opinion that a considerable amount of reduc- 
tion of SiO, takes place in the cupola well, and that normal 
melting losses of silicon from charge to tuyere level are much 
higher than the net loss figures obtained from analysis of iron 
at the spout would indicate. This is believed to be the reason 
why overall silicon losses are less than those of manganese in 
cupola melting, there being no source of replacement of man- 
ganese. In the basic cupola the more basic slag and basic weil 
lining decrease opportunity for silicon pickup, and apparently 
high silicon melting losses result. Manganese melting loss is 
not changed as much; and the higher carbon contents in basic 
cupola melting are at least partly accounted for by less carbon 
in the iron being consumed by the SiO, reduction reaction. 

In fact. if the MnO content of a cupola slag is increased, re- 
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duction of MnO can take place. In the early 1940's the writer 
experimented with lump manganese ore as a cupola charge com- 
ponent for introducing manganese into cast iron. The man- 
ganese content of the iron increased, and a cost analysis showed 
that the overall cost of increasing the manganese content of the 
iron in this way was less than by using spiegel. However, this was 
during wartime and sufficient quantities of lump manganese ore 
were not available to use it as a normal practice. 

The work on the effects of slags of different iron oxide con- 
tents is interesting, and should be extended in scope. It is 
believed that better correlations will appear if the whole slag 
composition is taken into consideration, and the “free” FeO 
calculated, since the presence of lime and alumina markedly 
affect compound formation in slags and at a given FeO content 
a cupola slag may or may not contain available FeO depending 
on the lime-silica ratio and the alumina content. 

The work on additions of iron oxide and of iron oxide and 
aluminum to cast iron parallel unpublished work done by the 
writer, and in general is in agreement. The writer finds that 
the addition of as little as 0.02 per cent aluminum will produce 
much increased mottling and graphitization after an addition of 
iron oxide. In fact any reducing agent, such as ferrosilicon, 
zirconium, graphite, aluminum or titanium will produce a 
similar effect, with very small additions, and it would be ex- 
pected that a reducing gas such as carbon monoxide would 
have a similar effect. 

The effect of higher temperature as a “whitener” of cast iron, 
producing less primary graphitization, is evident, and it is well 
known that simply superheating an iron can change it from a 
gray to a white fracture. The iron can retain this carbide stabil- 
ized condition on decreasing the temperature to a certain extent, 
heating to 2900 F and pouring at 2800 F giving less mottle than 
heating to 2800 and pouring at 2800. This effect must be con- 
sidered separately from others due to additions or to slag 
covers. The present writer considers that the effects observed in 
melting under a CO atmosphere are due to melt temperature 
effects, and not to the atmosphere alone, and that it has not 
been demonstrated that superheating favors increased percent- 
ages of CO in solution in the iron. Mention is made of the 
conclusions of Chipman and Schneble that increased CO con- 
tents in cast iron «re responsible for the effects of superheating, 
but if their data is re-assessed in view of the major changes in 
chemistry involved, the conclusion is not justified, as shown by 
the present writer in discussion of their paper at the time of 
presentation. 
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FREEZING OF WHITE CAST IRON IN GREEN SAND MOLDS 


By 


H. A. Schwartz and W. K. Bock * 


ABSTRACT 

The time-temperature relations at the geometric center of 
white cast iron before, during and after freezing in green sand 
molds were observed in the course of experiments on another 
subject. 

The castings were rather small and very simple. 

The observations cannot be reconciled with Chvorinov’s observa- 
tion that the freezing time of steel castings is proportional to the 
square of their volume to area relation and approximately inde- 
pendent of other conditions. 


Introduction 
CHVORINOV HAS PROPOSED (“Control of the Solidi- 

fication of Castings by Calculation,” Foundry Trade 
Journal, vol. 61, no. 1199, pages 95 to 98, August 10, 
1939) a relation between the volume and surface area 
of a steel casting and its freezing time in green sand 
molds. His diagram reproduced by Schwartz in Fig. 34 
of “Solidification of Metals,” A.F.S. TRANSACTIONS, 
vol. 53, pp. 1-35 (1945), indicates that the freezing time 
was proportional to the square of the ratio of the vol- 
ume of the casting to its area. Variations in pouring 
temperature and sand properties were not introduced 
as variables in this diagram, which included data from 
many sources and it is specifically implied that the 
shape of a casting of given V/A (volume to area ratio) 
is unimportant. 

The V/A ratio, not its square, was used by Caine in 
a successful elucidation of the problem of feeder size. 
(“A Theoretical Approach to the Problem of Dimen- 
sioning Risers,’’ TRANSACTIONS, A.F.S., vol. 56, p. 492, 
1948). Although this author was motivated in his ap- 
proach by Chvorinov’s paper, he used V/A not (V/A)? 
and in any event the correctness of Chvorinov’s assump- 
tion is not logically a necessary consequence of Caine’s 
success. This fact has been frequently overlooked. 

Chvorinov’s principle attracted much attention be- 
cause of its simplicity although this very simplicity 
appeared to those familiar with heat transfer principles 
as worse than doubtful. 

Paschkis’ (“Comparative Solidification Studies,” 
TRANSACTIONS, A.F.S., vol. 57, p. 100, 1949), working 
under the auspices of the A.F.S. Heat Transfer Com- 


* Director of Research and Research Engr., respectively, Na- 
tional Malleable & Steel Casting Co., Cleveland. 
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mittee, demonstrated that the (V/A)? relation was ac- 
ceptable for geometrically similar figures at equal pou) 
ing temperature if the sand body be so thick as not to 
heat sensibly at the outer surface but that spheres, long 
cylinders, and slabs of great area having equal V/A 
ratios freeze in very different times. ‘There is thus a 
“shape factor.” 


Procedure 


Within the past few months there has been occasion, 
in the Research Department of National Malleable 
and Steel Castings Company, to take time-temperature 
curves during the freezing of white cast iron bodies 
cast in green sand from white cast iron having a carbon 
content in the general region 2.50 per cent and a silicon 
content near 1.10 per cent. The conditions of this ex- 
periment were imposed by the investigation of which 
it formed a part and were not chosen as ideal for the 
purpose of this paper. Nevertheless the observations 
can be used for an interesting comparison with Chvori- 
nov’s views and should, therefore, be of some general 
interest. Also, pyrometer and stop watch readings may 
be a more familiar approach to the problem of when a 
casting has finished freezing than the results of experi- 
ments on the Heat Flow Analyzer even though that 
device seems to be an entirely reliable and useful tool. 

The bodies to be cast were rectangular blocks: 2 in. x 
3 in. x 6 in., 114 in. x 3 in. x 6 in., | in. x 3 in. x 6 in., 
34 in. x 3 in. x 4 in. and 14 in. x 3 in. x 4 in. in size. As 
already stated the dimensions were chosen for reasons 
beyond the scope of this paper. They were poured 
from numerous heats varying within commercial limits 
of control and in the green molding sand habitually 
used. It is the custom to maintain the commercial sand 
here used near the following properties:— 


Moisture, °%, — 34 — 37 
Permeability — 90 — 110 


The purpose of the major investigation required a 
sampling during randomly chosen operating condi- 
tions as to metal composition and temperature and as 
to sand characteristics. This should not invalidate a 
comparison with Chvorinov for, since he gathered data 
from many sources, he implicitly accepted unknown 
variations of this character. 
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There is, however, one distinct difference between 
our conditions and his in that we are concerned with 
an eutectiferrous alloy and he with a non-eutectifer- 
rous one. 

Our thermocouples were of the platinum—platinum 
rhodium type threaded through two-hole ceramic insu- 
lators and encased in silica tubes 5/16 in. O.D. x 3/16 
in. I.D. The thermocouple was mounted, passing 
through the cope in such a position that the head was 
as nearly as we could determine at the geometric cen- 
ter of the body and was in contact with the closed end 
of the quartz sheath. The cold junction was maintained 
at the freezing point by mounting it in ice and water 
contained in a vacuum bottle. 

Temperature readings were by a Leeds and Northrup 
portable potentiometer. Although we were not con- 
cerned with the precise measurement of the freezing 
point, we point to the close agreement of our eutectic 
freezing points in the larger bodies, free from super- 
cooling, with the values of the iron-carbon-silicon 
phase diagram as evidence of the substantial correct- 
ness of our temperature measuring set-up. 


Data 

Figures | to 5 inclusive summarize our temperature 
readings plotted against time after the mold was filled. 
These readings were evaluated by computing, by least 
squares, the loci of the cooling curves above and below 
the eutectic point separately. The eutectic point is rep- 
resented by a horizontal line through the nearly con- 
stant temperature readings. We neglected a few of the 
ealiest points while the couple was coming to tempera- 
ture, and also an occasional reading near the beginning 
or end of eutectic freezing. This might represent some 
rounding off of a sharp inflection. 

We can detect no thermal evidence of the liquidus 
and use the cooling curve extrapolated to zero time as 
our best knowledge of pouring temperature. The cor- 
rectness of this for the smaller sections is doubtful. We 
note a marked depression of the eutectic temperature 
by supercooling in the two smaller sections. 


Discussion 

For our major problem, concerning graphitization 
during freezing, we were principally concerned with 
the time occupied in eutectic freezing. This point is 
not that of major interest in the present paper. Figure 
6 shows the relation of cooling rate to the solidus on 
the time at the solidus. The relation is crudely linear 
although it may well be that as the cooling rate in- 
creases the time at constant temperature decreases 
more rapidly than in direct proportion. We shall later 
come to a time to complete freezing, which is more 
significant here. The points are the average values for 
each section size. 

Figures 7 and 8 show the relation of cooling rate and 
time of eutectic freezing to the relation P/A (mini- 
mum girth of specimen to cross-sectional area). Were 
the specimens of infinite length, i.e., were there no end 
effects, this would be the reciprocal of the Chvorinov 
V/A. In either case, but especially in the latter, a 
straight line seems fairly satisfactory. At this point the 
purpose of these measurements, in the application to 
our major problem, was complete. 
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There are, however, some further evaluations to the 
general problem of heat transfer, and especially to 
Chvorinov’s rule which form the subject of the present 
paper. 

The V/A relationship with which we are concerned 
is tabulated below for the several bodies:— 


TABLE 1—GEOMETRIC CONSTANTS OF FREEZING BODIES 











Dimensions, in. 2x3x6 114x3x6 1x3x6 = 34x3x4 = x 3x4 
Volume, cu in. 36 27 18 9 6 
Surface Area, sq in. 72 63 58 3414, 31 

V/A in. 0.50 0.43 0.33 0.26 0.20 
V/A-corrected 

for gate, in. 051 0.43 0.33 0.27 0.20 





The correction for gate area through which no heat 
is lost is to be neglected as insignificant in relation to 
the precision of our knowledge as to the temperature 
data. 

The corresponding cooling data averaged from Fig. 
1 to 5 inclusive are as shown in Table 2. 


TABLE 2 





Dimensions, in. 2x3x6 114x3x6 1x3x6 34x3x4 14x3x4 


Section thickness, in. 2 1% I 3%, Y% 
Cooling to Eutectic Temp. 8.9 7.1 4.8 2.1 0.7 
Cooling to Solidus 8.9 7.1 4.8 3.1 2.1 
To complete solidification 11.4 9.5 6.7 4.1 2.5 
Corrected to solidification* 3.1 1.1 


* On the assumption that if there had been no supercooling the 
arrest at the solidus would not have been altered in length. 
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Conclusion 

The data of Tables 1 and 2 are plotted, on log-log 
paper in Fig. 9. The relation between time to cool to 
the solidus (not the eutectic temperature but the tem- 
perature to which supercooling depressed the solidus) 
can be approximately represented by a line correspond- 
ing to the time being proportional to roughly the 1.5 
power of V/A. A similar relation exists for the actual 
freezing time. Neither the relation between time for 
complete solidification, corrected for time spent in 
supercooling, nor the freezing time corrected for super- 
cooling, can be represented satisfactorily by a straight 
line. 
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DISCUSSION 


Chairman: H. A, Schwartz, National Malleable & Steel Cast- 
ings Co., Cleveland. 

Co-Chairman: E. C. Troy, Foundry Engineer, Palmyra, N. J. 

V. Pascukis (Written Discussion): The authors add another 
valuable proof to the rising evidence, that Chvorinov’s square 
law is incorrect.* The authors also refer to the successful method 
of Caine with regard to risering: Caine works with the shape 
factor, S = V/A, whereas Chvorinov wants to apply S*. However, 
the authors present paper shows, that at least for eutectiferrous 
alloys also the first power correlation, $, does not hold. There 
would then seem to be a contradiction between Caine’s successful 
application of S and the present findings. This discrepancy can, 
perhaps, be explained by the difference in metals: Caine uses 
non-eutectiferrous metals. 

However, there is another possibility for explanation. Refer- 
ence is made to a discussion by the writer to a paper “‘Solidifica- 
tion of Steel Against Sand and Chill Walls” by H. F. Bishop, F. 
A. Brandt and W. S. Pellini, which appears on pages 435-450. 

In the discussion the writer suggests to break down the shape 
factor § into a critical dimension D, and a proportionality factor 

The critical dimension is the diameter of long cylinders or 
spheres, the thickness of large slabs with no end effects; and the 
smallest dimension of slabs with end effects. 

The bodies investigated by the authors have values of p from 
4 to 2.5. This is a fairly wide range. Conceivably the difference 
in p in case of Caine’s work was much smaller, i.e. the p value 
for casting and riser were more nearly the same. This n.ight well 
account for the discrepancy. 

The great convenience of being able to work with a simple 
relationship such as the unfortunately incorrect one suggested 
by Chvorinov, would make it an attractive research job, to ex- 
plore the possibility of finding a series of shape factors, possibly 
in relationship to the p value and to superheat. In other words, 
it would be desirable to explore the limits of validity of Chvor 
inov’s obviously only very rough approximation to various 
shapes and sizes and temperatures. 

J. B. Caine (Written Discussion):* It would seem that we are 
rapidly losing sight of a basic axiom, that heat dissipation must 
be in some relation to the surface area of the casting, for how 
else cin heat be extracted? Then too, we seem to forget that the 
effective surface area in regards to heat dissipation is not neces- 
sarily the geometric surface area. The steel foundryman has 
learned through experience that a small core surrounded by a 


*See “Control of the Solidification of Castings by Calculation’ by N. 
Chvorinov, Foundry Trade Journal, Aug. 10, 1930, vol. 61, No. 1199, pp. 
95-98. 

1 Technical Director, Heat and Mass Flow Analyzer Laboratory, Columbia 
University, New York. 

* Foundry Consultant, Wyoming, Ohio. 
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relatively large mass of metal does not extract any appreciable 
amount of heat, for he must riser the casting as if it were solid. 
He has learned from bitter experience that re-entrant angles cool 
slower than flat surfaces. In other words the effective surface 
area of these cores and re-entrant angles is less than unity. 
Conversely, a corner is known qualitatively to freeze fasier 
than a flat surface exposed to an infinite sand wall. Such a 
corner is in contact with more sand per square inch of surface 
area than a flat surface as shown in the accompanying sketch. 


Where does the heat come 
from to satisfy this vol- 
ume of sand? 





If a flat surface in contact with an infinite sand wall has an 
effective surface area of 1, would not some of the surface area 
at a corner have an effective surface area of more than 1? It 
would seem to the discusser that this explanation if valid would 
be more logical than complicated shape factors. 

Some quantitative information as to the relative heat extrac- 
tion rate of such geometric departures from a flat surface would 
be of great help in quantitative risering, even though it be not 
theoretically correct. 

W. S. Peciini AND H. F. BisHop (Written Discussion): * Chvor- 
inov’s proposals (reference cited) have aroused great interest 
and considerable contention. In view of the opinions and data 
presented by the authors it is well to reduce the original con- 
tentions of Chvorinov’s ‘to fundamentals for judgment as to their 
validity and practical value. Before proceeding with this I wish 
to go on record in agreeing without reservations with Dr. 
Schwartz that Caine’s use of volume to surface area concepts in 
riser calculation does not stand or fall on Chvorinov’s principles. 
Caine’s relationships represent empirical relationships docu- 
mented in ,themselves by the very experimental results used in 
the derivation of the curves. 

It should be understood first of all that the mathematical rela- 
tionships developed by Chvorinov apply as he specifies to “semi 
infinite mass of metal” or as he stated otherwise for plates to 
“infinitely large plates.” Specifically, therefore Chvorinov sets 
his conditions as sections devoid of end and riser effects. More 
simply, this means that the length of section must be such as to 
eliminate end effects. If such conditions are met the following 
relationships may be derived starting with the basic expression of 
the rate of progression of freezing in a semi-infinite mass of 
metal: 


X — M/ t 
t = time after casting 
X = thickness of solidified metal 
M = constant 


By assuming conditions such that X = S/2 (or half thickness of 
a plate), M may be considered a constant subject to calculation 
or empirical evaluation. The formula then becomes: 


T= @ay* /™M* 


Since S/2 also expresses the ratio of V/SA of a semi-infinite plate 
the formula may be rewritten to 


T = (V/SA)* / M? 


Thus, M (equal to 2.09) which is the solidification constant, 
is derived assuming conditions of semi-infinite plates. In this re- 
spect Dr. Schwartz is certainly correct in questioning the general 
applicability of Chvorinov’s rules. In substantiation to his claims 
Chvorinoy presents a logarithmic plot of solidification times vs 
V/SA ratios. He is careful, however, to state that these are 
mostly for simple geometrical forms. Variations of 10 to possibly 
15 per cent from theory are indicated by his plotted points. 


3 Naval Research Laboratory, Washington, D. C. 
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The problem of intricate castings entailing pronounced end 
eifects is treated separately; complex formulas, which are difficult 
to interpret, are proposed. While claims are made as to the 
applicability of these last concepts no data are presented as 
public proof thereof. 

It is not clear how Chvorinov justifies use of an expression de- 
rived for plates of semi-infinite size to bars and other sections. 
The expression S/2 — V/SA for plates does not for example hold 
for bars for which $/4 — V/SA. Dr. Schwartz thus has valid 
grounds for questioning the lack of consideration for a “shape 
factor.” As a by-product of other investigations’? the writers 
have accumulated data as to the solidification times of bar ard 
plate steel castings of semi-infinite lengths. Figure 10 shows a 
graphical summary of the final solidification times plotted ac- 
cording to Chvorinov’s quadratic (V/SA)* relationship. It is 
apparent from this plot that while a shape factor does exist 
it is only in the order of 10 to 15 per cent between plate and 
bar shapes. It is extremely interesting that the 2.09 factor for 
plates calculated by Chvorinov gives quite an exact fit to the 
plate data. For bars the factor must be taken as 1.92. These data 
represent extensions of Chvorinov’s relationships by the writers. 

Attempts by the writers to calculate solidification times of 
castings having severe end effects according to these relationships 
failed as expected. That such cannot be done is fully recognized 
and predicted by Chvorinov in his discussion of the complicated 
casting problem. It is to be expected therefore that Dr. 
Schwartz’s experiments likewise would fail to check the quadratic 
(V/SA)* relationships. The castings used do not in all cases 
conform to semi-infinite requirements as indicated by the 
following: 


Casting Section Actual Length, Minimum Length for Semi-Inf. 


in. in. Condition to be Developed,* in. 
2x3 6 12 
114x3 6 9 
1x3 6 6 
34x38 4 4.5 
4x3 4 3 


While these data may not be considered to show lack of valid- 
ity of the (V/SA) ? relationship for conditions defined by Chvor- 
inov they nevertheless emphasize a very important practica' 
point relative to calculations involving complex castings. Inas- 
much as Chvorinov’s contentions have been misunderstood by 
many Dr. Schwartz has performed a valuable service in focus- 
ing attention to the limitations of the Chvorinov concepts. While 
we may in the not too distant future be able to calculate the 
solidification times of casting having end effects such is not pos- 
sible at our present state of knowledge. 
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Fig. 10—Solidification of plates and bars as a function of 
(V/SAF factor. 


Dr. PAscHKIs: Were the castings in your Fig. 10 all poured 
at the same temperature? 

Mr. PeLuini: All castings were poured at 2950 F + 30 deg. 

Dr. PAscHKIS: You state that Chvorinov limits his square law 
to castings with no end effects. That would mean such simple 
shapes as cylinders and spheres rather than very long slabs. In 
his Fig. 19 which he presents as proof for his contention, Chvor- 
inov shows an odd variety of shapes which definitely have end 
effects—very thin slabs of short length, square bars, etc.—so that 
his equation is not limited to an infinite slab, as you explained. 
His figure is presented for bodies with end effects and therefore 
I think we should disregard what he said in his mathematical 
derivation because his figure is based on these others. 

It is interesting to find that with comparatively limited 
amounts of temperature variations on which you based your 
Fig. 10, you still get only about 10 per cent variation between 
the sphere and slab. What happens when comparing much 
larger bodies? 

You say one can compute solidification of simple shapes. Do 
you mean by simple mathematics or by approximations found 
from actual experiments? 

Mr. PELLint: Our data were obtained by measurement of 
solidification times of actual castings. We found that the 2.09 
factor used by Chvorinov applies over a limited temperature 
range of pouring for plates only. It does not apply for bar 
sections. We agree with Dr. Paschkis that Chvorinov derived the 
relationships based on no end effects and it was for this condi- 
tion that validity was shown. He does not provide data to show 
that the formulae hold for practical castings. However, the 
empirical curves that Chvorinov gives have scatter to the extent 
of + 10 per cent; thus, Chvorinov shows approximate validity 
of his findings at least to + 10 per cent. It should also be ob- 
served that his experimental data were obtained on fairly 
simple shapes. His treatment of the problem of complex cast- 
ings is exceedingly sketchy and not convincing. 
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History 


IT WAS THE ALERTNESS of an American inventor 
that brought about the introduction of black-heart 
malleable as an improvement over white-heart mal- 
leable iron. To the foundryman goes the credit for 
the development of this black-heart malleable process 
to the advanced stage of progress which it now enjoys. 

It is a little difficult to understand what factors in- 
fluenced the hesitation of iron founders in other 
countries to adopt the new black-heart process after 
its techniques became generaily understood. Perhaps 
this hesitancy was the result of necessity for change in 
foundry practice and improvement in techniques. Per- 
haps it was the fact that early processing of black- 
heart malleable required time cycles comparable to 
white-heart processing and therefore did not appear 
to offer any advantage in the use of the former for the 
type of castings produced. Whatever the reasons, the 
fact remains that black-heart malleable iron produc- 
tion soon revolved itself into an entirely new process 
and now bears no real relationship to the white-heart 
process either in product or, in many cases, in the 
time of treatment. 

The history of black-heart malleable is one of con- 
tinued progress. Much has been learned about the 
reactions involved in converting hard white iron to 
the soft malleable product. It has been demonstrated 
by many investigators that the production of black- 
heart malleable iron is not bound by one inflexible 
reaction such as the decarburizing reaction employed 
in the white-heart malleable iron process. 

The black-heart malleable iron process has been 
constantly improved from the standpoints of quality 
of product. Production rates have been substantially 
increased by improved annealing practices which 
shortened the time required for the development of 
the desired temper carbon structure. Application of 
these shortened time cycles depends upon many fac- 
tors including control of scrap, melting methods, 
conirol of chemistry, pouring technique, shakeout 


* Chief Metallurgist, and Development Engineer, respectively, 
Surface Combustion Corp., Toledo, Ohio. 


practice, mechanical handling equipment and types 
of annealing furnaces. The degree of success in achiev- 
ing the ultimate advantages to be derived from the 
development work in any particular foundry will de- 
pend upon that foundry’s adherence to this whole 
scheme of modernization. In any case, precise process 
control is vital to control the quality of the product. 

In the field of furnace design and construction, it 
has been necessary to provide means for controlling 
temperature cycles. In modern furnaces these cycles 
must fully meet the minimum heating and cooling 
time requirements for bringing about the intra-metal 
reactions necessary for malleablizing without adding 
excessive time for interim heating or cooling of heavy 
pots and packing material. Also, it has been neces- 
sary in most instances to provide suitable atmospheres 
to prevent scaling of open-loaded work which had 
formerly been more or less protected by being packed 
in sand or oxide and sealed in heavy containers. ~ 

Heat treating equipment has kept abreast or ahead 
of many other foundry practice improvements to the 
extent that scale-free malleablized castings are now 
being produced in commercial furnaces in 20 hr or 
less. This is a far cry from 160 to 200 hr which was 
and still is, required in many older types of batch or 
pack furnaces. 

Continuous malleable furnaces are designed with 
three major objectives in mind. First, temperature 
control throughout the length of the furnace must be 
such that each and every tray load of work follows 
exactly a predetermined time-temperature pattern. 
Secondly, a suitable controlled atmosphere must be 
provided to eliminate scaling of the work and at the 
same time have no deleterious effect upon the mal- 
leabilizing reaction within the metal. Thirdly, the 
basic temperature control arrangement plus the physi- 
cal design of the furnace must permit considerable 
flexibility in the matter of work production per hour, 
varying time cycles for white irons of different analyses 
and section and, of course, combinations of both. 


Furnace Design 


A typical modern controlled-atmosphere continuous 
malleabilizing furnace is shown in Fig. 1. The pho 
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Fig. 1—Photograph of malleablizing furnace 


tograph taken at the charge end of the furnace, shows 
four loaded trays being moved into the vestibule. 
Thereafter the work progresses through the furnace 
malleablizing chamber and is finally discharged at 
the other end through a vestibule of the same design. 
A cross-section of the furnace and typical time-temp- 
erature curve is shown in Fig. 2. 

The furnace is essentially a fabricated and welded 
gas-tight steel chamber lined with insulation and in- 
sulating refractory brick and tile. The insulating 
brick and tile are fashioned to provide essentially 
three separate sections within the furnace chamber. 
These sections represent heating and first-stage an- 
neal, fast cool and slow cool zones. 

Suitable heating elements, for example radiant 
tubes for fuel gas or oil firing, are provided above 
and below the work as shown in Fig. 2. In the fast 
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cooling zone air-cooled tubes are similarly positioned. 
Both the heating tubes and the cooling tubes are so 
designed and installed that no combustion products 
or cooling air can enter the work holding chamber to 
contact the work. All tubes are sealed into the furnace 
casing to prevent leakage around the tubes and prod- 
ucts of combustion and cooling air are exhausted out- 
side the furnace. 

A number of independent zones of temperature con- 
trol are set up along the length of the furnace cham- 
ber to provide the most suitable heating, holding and 
cooling pattern for the malleablizing cycle. Seven or 
more such temperature control zones may be used 
with special attention being paid to accurate control 
of the critical slow-cooling section of the furnace. A 
control thermocouple is installed in each zone to regu- 
late the heat input or the cooling air requirements 
of the particular zone. In addition provision is made 
for the insertion of test thermocouples at frequent 
stations along the length of each zone. ‘Temperature 
readings taken at these stations supply the informa- 
tion necessary to insure correct adjustment of the 
fuel input at each heating element of the zone. To 
those experienced in the art, such flexibility of temp- 
erature control will be readily appreciated. 

As shown in Fig. 2 each end of the malleablizing 
chamber is closed by a refractory-lined door. In keep- 
ing with the purpose to maintain as near air-tight 
construction as possible, these doors are provided with 
liquid-cooled machined faces which contact similarly 
cooled and machined faces of furnace frames when 
the doors are in closed position. When both doors are 
closed therefore, there is substantially no chance for 
ingress of air or other outside gases into the furnace 
chamber. 

In order to charge and discharge the furnace with- 
out pollution of furnace atmosphere, vestibules are 
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provided at each end. These vestibules are also of 
gas-tight construction. 

The work moves into the charge vestibule and out 
of the discharge vestibule on a transfer car. One end 
of each of these cars is a solid sealing panel which 
closes the vestibule tightly when the car is inside. A 
bypass ot controlled size is usually provided around 
each inner tight door to permit purging of each vesti- 
bule with the atmosphere gas inside the malleablizing 
chamber. Thus it is possible to open either inner 
door without materially affecting the composition of 
the furnace chamber atmosphere. 

The interior construction of a typical malleablizing 
furnace chamber is shown in Fig. 3. The refractory 
arches which permit controlled gradients in hegting 
and cooling are clearly shown. The rails along which 
the trays are moved through the furnace are well de- 
fined. In this particular example of a furnace, three 
rows of trays move side by side on the six rails. The 
rails are deeply grooved to permit the use of trays 
fitted with rollers for easy movement of heavy loads 
through the furnace. The roller type of tray shown 
in Fig. 4 is considered to be of definite advantage for 
many reasons particularly because it eliminates the 
need for positioning rollers or other moving parts 
within the furnace where frequent inspection or pos- 
sible replacement become a serious problem. The pos- 
sibility for inspection, sand removal and lubrication 
of the only wearing parts after each passage through 
the malleable furnace is conducive to economical and 
trouble-free operation. 


Atmospheres 


While the first objective of continuous malleabliz- 
ing furnace equipment was to speed up the malleabliz- 
ing process by taking full advantage of the improve- 
ments in chemical analysis, melt control, and foundry 
practice, it was a natural step forward to insist on 
scale-free castings. For this reason the problem of 
providing suitable furnace atmospheres has occupied 
the attention of both the furnace manufacturer and 
the furnace user. 

The most logical approach to this problem of furn- 
ace atmospheres as related to scaling of the iron is 
through a study of the equilibrium data relating to 
the reduction and oxidation of ferrous materials. 
These are quite familiar to most foundry metallur- 





Fig. 3—Photograph of furnace interior. 





Fig. 4—Photographs of tray and baskets. 


gists but will be set forth here as background material 
for the present discussion. 
Thus— 

2 Fe + Og — 2 FeO (1) 

Fe + CO, = FeO + CO = (2) 

Fe + H,O = FeO + Hz (3) 


Reactions (2) and (3) are reversible reactions and the 
equilibrium constants, 


Pco 

Sie 19m ewes (4) 
Poo. 
Puy 

K,=——__. (5) 
Prgo 


are well known, the values of these constants K at 
different temperatures can be shown in graphic form 
(Fig. 5). 

There are definite indications in the literature that 
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30 Hr, 6% Hydrogen 


Fig. 6—Photomicrographs of malleable iron. 


diffusion of atmosphere gases into the malleable cast- 
ings during annealing has a considerable effect upon 
the rate of annealing and upon its quality. State- 
ments have been made by well-known authorities that 
the diffusion of the oxidizing gas CO, should materi- 
ally aid in the rate and quality of annealing. Ad- 
vantage is taken of this fact in modern continuous 
furnaces where it is common practice to maintain an 
atmosphere containing the maximum CQO, content 
permissible, consistent with minimum scaling of the 
iron. From the equilibrium curve shown in Fig. 5 it 
will be noted that a CO/COz ratio of approximately 
2:1 will safely meet this requirement. 

Early in the malleablizing study it was determined 
that hydrogen is not at all desirable in spite of its 
strongly reducing properties. Hydrogen definitely re- 
tards malleablizing. Actually, there is considerable 
evidence that the other common reducing gas, carbon 
monoxide, tends to slow down malleablizing. How- 
ever, carbon monoxide is not nearly so active in re- 
tarding malleablizing as is hydrogen. Figure 6 shows 
a test bar after a malleablizing cycle of 100 hr in an 
atmosphere containing approximately 40 per cent 
hydrogen. The duplicate test bar was fully malle- 
ablized in 30 hr in an atmosphere which contained ap- 
proximately 6 per cent hydrogen. It appears that 
control of hydrogen is of paramount importance in 
providing most rapid annealing conditions. This 
seems to be particularly important in continuous furn- 
aces. 

Carbon monoxide, in concentrated amounts while 
not too detrimental in the first-stage anneal, can car- 
burize the metal surfaces during the second-stage 
anneal. 

In the original development of continuous furn- 
aces, it was realized that success in producing scale- 
free malleable castings would depend upon maintain- 
ing a non-scaling atmosphere in contact with the work. 


It would be necessary to prevent air from entering 
the furnace heating chamber during periodic open- 
ings of doors for charging and discharging. It would 
be necessary to shield the work from flue gases pro- 
duced by the heating burners as these flue gases are 
highly oxidizing. It would be necessary to overcome 
the possible infiltration of air through furnace wall 
seams, leaky doors and other such possible inlets to 
the furnace heating chamber. 

An original concept, and one still in considerable 
use, was to provide an atmosphere from an outside 
generator to insure a positive-controlled atmosphere 
pressure within the furnace. The most popular type 
of generator, Fig. 7, for this purpose was an exo- 





Fig. 7—Photograph of DX unit. 
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thermal generator which burns hydro-carbon gases 
such as fuel gas or propane with a limited supply of 
air to produce an atmosphere gas of approximately 
the following composition: 


CO, % - 5 
CO, % — 9-10 
i. & =— 1 
No, & — Balance 


Dew Point — + 80 F Max 


It will be noted that the CO/CO, ratio satisfactory 
for annealing without scale. The hydrogen content 
is controlled although it is present in sufhcient quan- 
tities to raise some question about its effects on an- 
nealing time. Generally speaking such an atmosphcre 
has been considered to be quite satisfactory. 

More recently a new concept of furnace atmosphere 
appears to be of considerable importance. 

Continuous furnaces, as previously described, can 
be so constructed that they are, for all practical pur- 
poses, air tight. When work is to be charged or dis- 
charged from the furnaces, it is done through tight- 
fitting vestibules at each end. Therefore, the problcm 
of preventing air entrainment becomes one of suit- 
ably purging the air from these vestibules after each 
opening to the outside air but before the inner doors 
of the vestibules are opened to admit or remove work 
from the furnace heating chamber. If generator gas 
with analysis just described were to be used for this 
vestibule purging, it would appear that there would 
be only slight advantage in building furnaces of such 
tightness. However it has been convincingly demon- 
strated that air-tight furnace construction presents far 
more opportunities for improved malleable practice 
than the elimination of an external controlled at- 
mosphere generator. In fact, there are certain appli- 
cations where it is considered good practice to use a 
gas generator atmosphere for purging the vestibules 
of air-tight furnaces. When the generator is so used, 
it is customary to produce an exothermic gas atmos- 
phere extremely low in combustibles and devoid of 
free oxygen for example: 


oo, & ~— ii 


Co, & —-— 05 
H. % — 06 
No, %  — Balance 


Dew Point — + 80 F max 


From the CO/CO, equilibrium values shown in 
Fig. 5, it will appear that the introduction of an at- 
mosphere such as the above will be oxidizing to the 
malleable iron if the gas enters either or both ends of 
the furnace heating chamber. Actually, there is no 
reason for this oxidizing gas to enter the heating 
chamber in sufficient quantities to cause scaling of 
the work. 

As fresh loads of work are moved into the heating 
chamber there are constantly replenished sources for 
internally generated atmosphere which is usually more 
than sufficient to satisfy the volume requirements of 
the heating chamber. This atmosphere may come 
from one or more of several sources including gases 
absorbed in the white iron, oxides on the iron sur- 
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faces and on trays and baskets, as well as purge gis 
from the vestibule. The gases thus encountered will 
contain carbon dioxide and some water vapor. Near 
the charge end of the heating chamber these oxidiziiig 
constituents are activated by temperature to combine 
with some carbon from the white iron according to the 
following reactions: 


co. + C s 2CO ' (6) 
H,O + C => CO+H, (7) 


Since the decarburizing reactions preceed the oxidiz- 
ing reactions (2) and (3), the CO/CO, ratio quickly 
builds up to a sufhcient value to prevent scaling. 
Under such conditions it is not unusual to find the 
gas analysis in the charge end and the high tempera- 
ture section of the furnace approximately as follows: 


CO., % — 4.0 
CoO, % — 20.0 
Hs, % — 6.0 
No, & — Balance 


Dew Point — + 80 F max 


Inasmuch as the reactions (6) and (7) are reversible 
with temperature changes according to the well known 
water gas reaction: 


CO + H,O GH, + CO, (8) 


the CO will drop to about 15 per cent and the CO, 
will rise to about 6 per cent in the slow cooling zone 
of the furnace. A typical curve of CO/COy, ratios 
throughout the length of a continuous malleable furn- 
ace operating under described conditions is shown in 
the graph, Fig. 8. 


CONTINUOUS 
MALLEABLIZING 
FURNACE 


5.0 NO ADDED ATMOSPHERE 
CO- CO; RATIOS 


4.0 


3.0 


2.0 


HEATING FIRST STAGE ANNEAL 
ZONE HIGH TEMPERATURE ZONE 


FIG. 8 


STAGE ANNEAL 
SLOW COOL ZONE 





Fig. 8-CO-CO, ratios in furnace with no external 
atmosphere addition. 


One advantage of this type of operation is complete 
elimination of any free oxygen from the system. The 
scaling propensities of free oxygen at relatively low 
temperatures are such that it would oxidize the iron 
at either end of the furnace before it could react 
with the carbon in the iron. As a result, either 
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sponge iron or scale would be the end surface product 
depending upon whether the free oxygen attacked the 
iron at the charge end or at the discharge end of the 
malleablizing chamber. The use of oxygen-free purge 
gas in the vestibules prevents such reactions. Thus 
far, the CO, in this purge gas has not been present 
in sufficient quantities within the furnace chamber 
to oxidize the iron rather than to combine with the 
surface carbon of the metal. 

Quite recently, a rather unusual method has been 
devised to provide a furnace atmosphere which would 
be non-scaling and which would more nearly ap- 
proach what is believed to be a better furnace analysis 
of higher carbon dioxide and lower hydrogen through- 
out the length of the malleablizing chamber. Such 
a gas should meet the requirements for most rapid 
malleablizing. This has been accomplished by the 
seemingly unorthodox procedure of adding metered 
quantities of air directly to the high temperature 
zones of the furnace. With proper control of quan- 
tities and directional flow of the air, free oxygen 
does not contact the iron but rather is converted to 
carbon dioxide by interreaction with the furnace at- 
mosphere according to the equation: 

O.+ 2 CO—2 CO, (9) 
The CO/CO, ratios can thus be maintained fairly 
constant in analysis and non-scaling in action through- 
out the length of the chamber. A typical CO/CO, 
ratio curve for an actual furnace is shown in Fig. 9. 
The average analysis of atmosphere from this furnace 
chamber is: 

CO, % — 8.5 

CoO, % — 17.0 

H, % — 4.0 

No, % — Balance 

Dew Point — + 65 F 


Conclusion 


It has been the object of this paper to present to 
the foundrymen a review of progress in the field ot 
continuous atmosphere annealing of malleable iron. 
The problems attending the use of one continuous 
heat treating chamber for all phases of the malleabliz- 
ing reaction including heating, high temperature 
anneal, fast cool and slow cool have been mentioned 
briefly. Various types of atmospheres and their con- 
trol to prevent scaling and to aid in speeding up 
malleablizing reactions have been described accord- 
ing to best present knowledge of the subject. In view 
of the rapid strides which have been made in con- 
tinuous annealing processes in a relatively few years, 
it is to be expected that more concrete information 
and ‘ata will prove of practical use in the construc- 
tion of heat-treating equipment, which will permit 
the malleable foundrymen to continue their efforts in 
attaining shorter cycles, lower operating costs and 
improved malleable iron products. 


DISCUSSION 


Chairman: W. D. McMILLAN, International Harvester Co., 
McCormick Works, Chicago. 

Co-Chairman: Wm. ZeEuNik, National Malleable & Steel Cast- 
ings Co., Indianapolis, Ind. 

F. CocHLin, Jr. (Written Discussion): Messrs. Cullen and 





499 


CONTINUOUS 
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Fig. 9—CO-CO, ratios in furnace with air additions. 


Light are to be congratulated on a very excellent presentation 
of some of the more important facts on continuous annealing 
equipment and protective atmospheres for the process. 

Through personal contact with the authors, I am somewhat 
familiar with the work they have been doing to develop and 
perfect equipment for rapid and continuous annealing of white 
cast iron. Work of this nature has been too scarce in the malle- 
able industry and generally the work that has been done has not 
been thoroughly appreciated by the majority when presented. It 
is hoped that this paper will serve as a nucleus for further work 
and publications on the subject. 

Continuous, or so-called rapid, annealing of white cast iron 
has taken a long time to gain even partial acceptance by the 
malleable industry. For years, following its inception, many re- 
garded this form of rapid annealing as nothing but a cheap 
method of producing an inferior grade of malleable iron. Even 
after the problems encountered with the first units were mas- 
tered and temperature control and atmosphere control fel! 
within the scope of close regulation, the attitude of most pro- 
ducers and purchasers of malleable still displayed skepticism. 
It is my belief that the reason for this, in most instances, was 
that the degree of control being attained in the oven was not 
being met by proper metallurgical control of the metal prior to 
annealing. However, the oven was usually blamed for any 
trouble that developed. 

A continuous oven, when properly set-up, is a highly precise 
piece of equipment capable of producing malleable iron of the 
highest quality and uniformity. However, if the iron going into 
the oven is of inferior quality, or of greatly divergent analysis, 
these capabilities will be lost. 

There are several continuous installations in the country to- 
day producing good malleable iron by the use of cycles ranging 
from 14 to 50 hr. With each favorably operating unit it will be 
found that annealing success starts with control in the melting 
department. 

Ihe writer is familiar with one continuous oven producing 
56,000 tensile, 39,500 yield and 15 to 18 per cent elongation 
malleable iron in 21 hr. 

The newly developed method of creating a protective atmo- 
sphere by the introducticn of air into the high temperature zone 
of a continuous oven is interesting and should be of value to 
users of this type of annealing equipment. It must be cautioned, 
however, that practical use of the method should be preceded by 
a thorough analysis of oven conditions and requirements. 

E. A. WELANDER ( Written Discussion):? The authors are to 
be commended for their interesting and informative paper. 
The production experience we have had closely substantiates the 
statements presented in this paper. 

Our first experience with a controlled atmosphere in a con- 


1 Foundry Consultant, Albion, Mich. 
2 Metallurgist, Union Malleable Iron Works, E. Moline, Ill 
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tinuous short cycle annealing furnace was with an externally 
prepared atmosphere rich in hydrogen. We soon learned that 
this atmosphere was not at all conducive to rapid annealing. It 
was necessary to increase our time cycle to over 100 hr in order 
to produce a product that would be commercially acceptable. 

This gas generator was replaced with a charcoal burning type 
of generator, that produced an atmosphere high carbon monox- 
ide. We were able to maintain an atmosphere with a ratio of 
approximately 5 to 1, CO to CO,. 

This comparatively rich atmosphere retarded the annealing 
rate of the metal to a considerable extent. The next step was to 
discontinue the atmosphere addition, and allow the castings to 
produce their own atmosphere. This method resulted in an 
atmosphere in the furnace of approximately 3 to 1, CO to CO,. 
In order to further reduce this ratio it was necessary to make an 
addition of a small amount of air in the hot zone of the furnace. 
This addition was controlled by the use of an orifice plate and a 
definite air pressure. 

We have continued this practice for several years with satis- 
factory results, and are able to maintain a ratio of from 1.5 to 
1 up to 2 to 1, CO to CO,. This produces a decarburized skin 
approximately 0.015 in. in thickness on the castings that is not 
considered harmful. 

MILTON TiLLEy:* Why do we have to have CO, in the mal- 
leable annealing atmosphere? One theory states that the precipi- 
tation of the carbon in the iron takes place by means of CO 
gas moving back and forth in the metal. The carbon dioxide 
picks up the carbon in the metal, forming carbon monoxide. 
That carbon monoxide proceeds to deposit that one atom of 
carbon on the spot of precipitation, so you cannot malleablize 
unless you have carbon dioxide present. If you have a high 
carbon monoxide content you slow the operation up to the 
point where it is not commercially possible. 

In a tight container or a tight furnace you can build up the 
carbon monoxide to as high as 70 per cent at which point the 
reaction does not go on very rapidly because of the lack of car- 
bon dioxide. In the case where you start with an open pot 
which you fill with iron you have oxygen in that container 
starting the reaction on the carbon monoxide which starts the 
graphitizing operation. 

In the case of a continuous purging atmosphere using a 
purging atmosphere at the door, you would have no carbon 
monoxide so you would have to introduce carbon dioxide or 
oxygen in the antechamber. 

CHAIRMAN MCMILLAN: I would like to ask Mr. Cullen a ques- 
tion about the atmosphere that contained 40 per cent hydrogen. 
How was it prepared and what were the other constituents of the 
atmosphere, CO, dew point, etc.? 

Mr. Cutten: This 40 per cent hydrogen was made in an 
endothermic gas generator. It contained in addition, about 20 
per cent carbon monoxide and 40 per cent nitrogen which was a 
very good reducing gas as far as we were concerned. 

Normally the dew point for that type of gas is around plus 
30 F. It was an endothermic generator in which the dew point 
is controlled by the air-gas mixture supplied to the generator. 
That is rather an unusual gas atmosphere as far as foundries 
are concerned and we suspect it was about the only time that 
it was ever tried out in a foundry. 

The carbon monoxide may have had some action, but the 
main point was the predominance of hydrogen. We came back 
to our laboratory and checked hydrogen-bearing atmospheres 
and when we got down to 10 per cent hydrogen and below we 

started to get good malleablizing results. These laboratory 


3 Metallurgist, National Malleable & Steel Castings Co., Cleveland. 
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atmospheres were artificially made hydrogen and nitrogen mix- 
tures so there was no carbon monoxide problem at all. ‘I hey 
duplicated what we had observed in the field. 

CHAIRMAN MCMILLAN: This was an endothermic job contuiin- 
ing some CO. Later you used mixtures of nitrogen and hyiro- 
gen. The reason I asked about the high hydrogen atmospliere 
was to learn if anyone has any idea as to why hydrogen retards 
anneal, i.e., the mechanism by which hydrogen seems to prevent 
migration of carbon. 

Mr. Licur: I would like to review some of the effects we 

observed in the laboratory. We cracked anhydrous ammonia 
which gave us 75 per cent hydrogen and 25 per cent nitrogen. 
Using this as an atmosphere we found that the annealability 
was poor. The next test was run with this 40 per cent hydrogen 
and 40 per cent carbon monoxide. A flue gas containing 9 per 
cent CO, 4 per cent CO,, and 11 per cent Hy, was used next. 
Then we went to a leaner gas which contained around 11 per 
cent carbon dioxide and only 0.5 per cent carbon monoxide. 
Another gas was a nitrogen-bearing gas which had only traces 
of carbon monoxide and carbon dioxide, and the last test which 
was run was very unorthodox, you might say. These samples 
were annealed in no atmosphere, or a vacuum, or as close as we 
could get to a complete vacuum. If you would plot the anneal- 
ability against the hydrogen content in all of these gases you 
would find that the greater the hydrogen content you have, the 
less it will anneal, so from those tests we concluded that hydro- 
gen is detrimental to annealing. 

The water vapor content in the annealing atmosphere was 
approximately 0.5 to 1 per cent. 

F. J. PryATeL:* Can the dew point be used as a control for 
this process? 

Mr. CULLEN: No, since we are dealing with an atmosphere 
consisting of a mixture of gases at various temperatures. It will 
always contain carbon dioxide, some hydrogen and carbon 
monoxide. Unfortunately, the water-gas reaction tends to set up 
a definite ratio of water vapor, hydrogen, carbon monoxide and 
carbon dioxide at any one temperature and this ratio varies with 
temperature. Since a large portion of the furnace chamber is at 
low temperature and considerable diffusion of gases can take 
place, it would be hard to evaluate atmosphere by dew point. It 
settles out at some rather constant value however. 

Co-CHAIRMAN ZEUNIK: The authors showed a curve illustrating 
the relationship of carbon monoxide and carbon dioxide in the 
annealing atmosphere. Apparently that gas is under pressure. 
Would not diffusion cause those gases to remain the same 
throughout the entire furnace? 

Mr. CULLEN: The only time we have ever found the condi- 
tions referred to was when there was no atmosphere put into 
the furnace proper. A flow of very lean flue gas, 11 per cent 
carbon dioxide and 0.5 per cent carbon monoxide and 0.5 per 
cent hydrogen, was used in the furnace vestibules. This furnace 
is 80 ft. long. 

The carbon monoxide-carbon dioxide ratio would change a 
little as you opened the doors, but generally it did maintain the 
described characteristics. When we introduce air or put a rich 
flue gas into the furnace, we do not get this variation in gas 
ratios, 

Mr. Licut: I would like to add one more comment on these 
laboratory tests which we ran. The samples that we annealed 
in the vacuum were annealed completely in one-half the normal 
cycle time. I just thought that would be of some interest and 
it may be more or less of a hint as to what mechanics take place 
in the anneal. 





4 Chief Metallurgist, Oliver Corp., South Bend, Ind. 
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EFFECT OF PHOSPHORUS CONTENT ON 
MECHANICAL PROPERTIES OF A NODULAR CAST IRON" 


By 


J. E. Rehder ** 


IT Is WELL KNOWN that phosphorus has an em- 
brittling effect on most ferrous metals, such as steel, 
cast iron, and malleable iron. Since gray cast iron is not 
a ductile material, the phosporus contents normally 
used are from 0.20 to 0.60 per cent, since the embrit- 
tling effect is of less relative importance; phosphorus 
contributes to some extent to the fluidity of cast iron; 
and higher phosphorus content pig irons are usually 
less expensive. 

With the advent of nodular cast irons which possess 
appreciable ductility as cast, the embrittling effect of 
phosphorus became of more importance, and it has 
been generally recognized that it is desirable to have 
low phosphorus content in nodular irons if the highest 
ductility and impact strengths are to be obtained. It is 
the object of this paper to explore quantitatively the 
effect of phosphorus content on the mechanical prop- 
erties of nodular iron. Magnesium-treated irons only 
are discussed herein but it is believed that the results 
will be applicable to nodular irons made by other 
means. 


Previous Work 

There has been little quantitative data published on 
the effects of phosphorus content on the properties of 
nodular iron. Donoho! stated that phosphorus in 
amounts more than about 9.15 per cent is undesirable 
because of increased shrinkage and lower ductility. 
Gagnebin, Millis, and Pilling? showed that use of a 
phosphorus content higher than 0.05 per cent (the 
higher amount not stated) resulted in decreased ulti- 
mate strength, Izod impact strength, and elongation, 
and increased yield strength and hardness in as-cast 
nodular irons. It was shown that the presence of as 
much as 0.65 per cent phosphorus did not inhibit the 
formation of nodular or spherulitic graphite structure. 
It was further stated that phosphorus in amounts over 
0.20 per cent promotes an embrittling phosphide net- 
work resulting in moderately lower strength. 


* Published by permission of the Director-General of Scientific 
Services, Department of Mines and Technical Surveys, Ottawa 


** Foundry Engineer, Physical Metallurgy Division, Mines 
branch, Ottawa, Ontario, Canada. 
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The effects of phosphorus content on the graphitiza- 
tion rate and mechanical properties of black-heart 
malleable iron were investigated some time ago by the 
present writer as a University thesis (unpublished) and 
the conclusions are of interest and believed applicable 
here. Although there is difference of opinion in the 
literature on the effects of phosphorus content on 
graphitization rates, the thesis showed clearly that 
phosphorus has a definite, though not large, retarding 
action on graphitization rates in both first and second 
stage annealing. Increasing phosphorus content in- 
creased the ultimate strength to a minor extent, and 
seriously decreased the impact strength. It was further 
shown that a first-stage annealing temperature of 954 C 
(1750 F) resulted in complete break-up and spheroidi- 
zation of the phosphide eutectic areas where there was 
sufficient phosphorus present to form phosphide eutec- 
tic as Cast. 

With respect to the effect of phosphorus on graphiti- 
zation rate, it is a matter of common observation in 
cast irons that where phosphide eutectic is present, the 
last traces of pearlite invariably cling around the 
phosphide; a phenomenon easily observed in gray cast 
irons annealed for better machinability. 


Experimental Method 


Two heats of nodular cast iron were made in a 500-Ib 
capacity induction furnace in a routine way, using 
identical charges of steel scrap, nodular iron returns, 
low-phosphorus pig iron, and wash metal. The metal 
was tapped at 1482 C (2700 F) into a 700-lb capacity 
bull ladle, a magnesium-ferrosilicon addition being 
made with half in the bottom of the ladle and half 
added to the stream. After filling, the ladle was skimmed 
and the iron tapped in 100-lb quantities into a pre- 
heated 150-lb capacity pouring ladle. The phosphorus, 
as crushed ferrophosphorus, and the post-inoculant of 
crushed 50 per cent ferrosilicon were mixed and added 
to the stream while filling the 150-lb ladle. To achieve 
increasing phosphorus contents, the amount of ferro- 
phosphorus was increased for each 100-lb tap, the 
amount of ferrosilicon remaining constant. After stir- 
ring and skimming each tap, four keel blocks in dry 
sand cores were poured at each phosphorus level. 

The described method of introducing phosphorus 
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Fig. 1—Shrinkage characteristics. 


was used in an attempt to avoid changes in magnesium 
content, and was successful as inspection of chemical 
analyses in Table | will show. The present writer has 
found that under certain poorly-defined conditions 
magnesium will act as a dephosphorizing agent (e.g. 
addition of a mixture of magnesium and ferrosilicon- 
zirconium to melted pig iron of 0.16 per cent phos- 
phorus content at 1427 C (2600 F) resulted in three 
cases in dephosphorization of 26 to 57 per cent) and it 
was desired to maintain magnesium content uniform 
in the present work. The mixing of the ferrophos- 
phorus and ferrosilicon before addition to the iron in 
the present case prevented loss of magnesium, possibly 
because of the reducing nature of the ferrosilicon. 


Chemical Analyses 


Chemical analyses were performed on drillings from 
the keel blocks, with the exception of carbon content 
which was determined on small pencils cut from the 
coupons and combusted as a unit. The sulphur con- 
tents were determined by the combustion method, and 
the magnesium contents by the wet, mercury cathode 
method. Phosphorus was determined by a standard 
gravimetric method. 

The keel blocks were allowed to cool in the sand, 
and after shaking out, the legs were cut from the blocks 
with a band saw. Since a marked increase in the surface 
shrinkage was noted with increasing phosphorus con- 
tent, the tops of the keel blocks were cut transversely 
to cross-section the shrinkage, and tracings made of the 
depth of shrink. 

From each phosphorus level, two keel block coupons 
were left as cast; two oil quenched from | hr at 843 C 
(1550 F) and drawn 3 hr at 621 C (1150 F); two fully 
annealed by heating to 843 C (1550 F) and slow cooling 
to 704 C (1300 F); and two fully annealed by heating 
to 954 C (1750 F), cooling in 20 min to 816 C (1500 F), 
and slow cooling to 704 C (1300 F). The Brinell hard- 
ness of each coupon was measured, and then a standard 
0.505-in. diameter 2-in. gage length tensile test bar was 
machined from each coupon. Dumbbell-ended bars 
with self-adjusting grips were used. Mechanical prop- 
erties were determined on a 60,000-lb Baldwin South- 
wark tensile machine with recording extensometer, and 
on twe Olsen impact testing machines. The yield 
strengths reported were at 0.2 per cent offset, and the 
notched Charpy impact bars had a standard “V” notch. 
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Tensile tests were all made and reported in duplicate, 
and the impact test results reported are the average of 
four specimens each. Values of impact strength below 
2.0 ft-lb are not considered reliable. 

Metallographic examination was performed on sam- 
ples cut from broken tensile test bars. 


Results 
Chemical analyses of the eight sets of bars, four sets 
from each heat, are given in Table 1. 











TABLE | 

Bar No. Cc Si Mn S P Mg 
1543-1 $08 292 035 0.011 0.022 0.059 
1543-2 ne 2.85 is a 0.062 0.056 
1543-3 Re 2.85 ay ae 0.156 0.058 
15434 311 287 0.35 ia 0.275 0.053 
1563-1 3.06 260 036 0.012 0.022 0.049 
1563-2 ies ie - mn 0.067 odd 

1563-3 = i ‘ ‘a 0.144 ‘a 

1563—4 3.10 270 038 0014 0.222 0,049 





In Fig. 1 is shown the relative amounts of shrinkage 
encountered in the keel blocks. No quantitative meas- 
urements were made, but the qualitative indication is 
clear that shrinkage increases with phosphorus content. 

The results of mechanical tests of the bars are given 
in Tables 2 to 5 inclusive and in graphical form in Fig. 
2 to 5 inclusive. 


TABLE 2—MECHANICAL PRopErRtTIES As-CAST 














; oe ~ 2 Charpy Impact, 
Z 2% es =28 _ 
s yy 5. =e — Un- 
F--) Pine rsa Dz notched Notched 
1543-1 85,300 56,100 15.0 197 255 45 3.5 
87,500 56,600 14.0 255 
1543-2 87,800 60,200 6.0 217 250 14 2.9 
91,700 61,200 7.5 250 
1543-3 83,600 54,800 3.0 225 250 6 1.1 
-- _— 235 
1543-4 71,800 69,200 5 235 240 3 0.9 
84,200 65,200 3.5 245 


Notes: 1. One of the 1543-3 bars was flawed and broke near the shoulder. 
2. The first of the 1543-4 bars was slightly flawed. 















































T T T T 
| , ! ’ | 

7. | MECHANICAL PROPERTIES OF NODULAR IRON 

2 vs 

a7 = — 4 — 
7 — PHOSPHORUS CONTENT ‘is 

4 HEAT Ne 1543 

{ 1OO = + ie —AS cAasT + 

z se setae 

9 i EE eee | 

5 60 r | | | | ! | = f vy 
& Wierd | res 2 +O 
” 1 VU di2 

= = 24 Y s20F 4 
a et | Eee, 
mI | T2Oq TCO 
w . 2 
> ao} | 4 le z T & ¢ 
“we 4:2& +eo2 
w | | | $ | ok 
ge = seoh4 

id is Tatog 
> i Siteo c | ELONGATION +4 3+ 2 $ 
= | HARE 

5 ° i 4 “= " : | | w Vv 
2 ° oO .08& 2 16 20 -24 28 bd ° 


PHOSPHORUS CONTENT - PERCENT 








Fig. 2—Mechanicai properties vs phosphorus content 
as cast. 
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TABLE 3—MECHANICAL PROPERTIES ANNEALED 
From 1550 F 











a F , see og, SEE 
S te :~ -) = = 
Zz Ee ze - 2a 7a 
5 = 2.. 32. S85 S84. £835 Un- 
r) PAA FAG Qa 2G mmz notched Notched 
1543-1A 68,600 51,000 24.0 24.0 167 115 13.2 
68,700 50,750 5 25.0 
1543-2A 70,000 53,600 24.0 25.0 170 105 9.2 
70,400 54,600 22.0 23.0 
1543-3A 71,350 56,000 18.0 25.0 174 36 2.7 
71,700 57,200 17.5 25.0 
1543-4A 65,600 57,700 4.5 23.5 181 il 2.0 
61,300 58,700 3.0 22.8 
Note: Both 1543-4A bars were slightly flawed. 





TABLE 4—MECHANICAL PROPERTIES ANNEALED 
From 1750 F 














* ° p i ' Charpy Impact, 
1 BO a 
F ge £ § 35- 8% ft Ib 
Z Ef ue SO Z2Sx 2st 
. = 2. e 2. a Sa— cs Un- 
x =—3'3 = S'S = 2 =-— 3 <5 : 
=) PaAa waa ST -w =A siz notched Notched 
1563-1A 65,200 48,800 24.0 24.5 148 123 14.6 
65, 48,500 23.0 24.0 
1563-2A 67,400 50,500 24.5 24.5 159 109 14.6 
67,400 50,500 24.5 
1563-3A 70,700 54,000 20.0 24.0 164 73 10.3 
70,400 53,700 21.0 25.0 
1563-4A 72,400 56,500 16.0 24.5 170 34 3.0 
71,400 55,500 15.0 24.5 





TABLE 5—MECHANICAL PROPERTIES OIL-QUENCHED 
AND DRAWN 





























; eg a ~ ao o. Charpy Impact, 
Ss 3% t a) =. ft lb 
Z Es we SO Sex tv Ee : 
= =e. e 2.. Ss Sa. a5 Un 
se baa RA Ge =m4 mmz notched Notched 
1563-1D 96,100 74,700 10.5 24.0 264 53 6.8 
97,100 76,200 10.5 25.0 
1563-2D 131,700 102,700 7.0 25.0 274 40 4.3 
131,000 102,000 6.5 23.5 
1563-3D 128,000 101,000 4.0 25.0 289 19 2.1 
130,500 105,000 4.0 24.5 
1563-4D 119,000 104,700 2.0 24.0 293 12 1.6 
116,700 103,000 2.0 24.0 
[ 2. 2 ete. eee 
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Fig. 3—Mechanical properties vs phosphorus content, 
annealed from 1550 F. 
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Fig. 4—Mechanical properties vs phosphorus content, 
annealed from 1750 F. 
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Fig. 5—Mechanical properties vs phosphorus content, 
oil quenched and drawn. 


It was noted as a consistent feature of all of the ten- 
sile bars that as the phosphorus content of any series 
increased, the fracture became lighter in color. This 
was particularly noticeable in the two fully-annealed 
series, the lowest phosphorus content bars being a soft 
black in the fracture and the highest phosphorus con- 
tent bars being completely a sparkling crystalline 
fracture. 

The microstructures of the bars are of interest, and 
provide explanations for most of the changes in prop- 
erties. The as cast bars are shown in Fig. 6 to 9 inclu- 
sive, and it is evident that the amount of pearlite in- 
creases with phosphorus content. The pearlite was of 
increasing fineness as phosphorus content increased, 
the pearlite in the 0.022 P iron being mostly resolved 
at 750X, while the pearlite in the 0.275 P iron was 
nearly all unresolved at 750X. The nodules become 
slightly more regular in outline and there is more uni- 
formity of size of nodules as phosphorus content in- 
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Fig. 6—Bar 1543-1, as cast, 0.022 P. X100, nital etch. 


Fig. 8—Bar 1543-3, as cast, 0.156 P. X100, nital etch. 


an 


Fig. 10—Bar 1543-4, as cast, 0.275 P. X750, nital etch. 
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Fig. 7—Bar 1543-2, as cast, 0.062 P. X100, nital etch. 





Fig. 9—Bar 1543-4, as cast, 0.275 P. X100, nital etch. 


Fig. 11—Bar 1543-1A, annealed from 1550 F, 0.022 P. 
X100, nital etch. 
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Fig. 12—Bar 1543-4A, annealed from 1550 F, 0.275 P. 
X100, nital etch. 


Fig. 13—Bar 1563-1D, quenched and drawn at 1150 F. 
0.022 P. X100, nital etch. 








Fig. 14—Bar 1563-2D, quenched and drawn at 1150 F. Fig. 15—Bar 1563-3D, quenched and drawn at 1150 F. 
0.067 P. X100, nital etch. 0.144 P. X100, nital etch. 
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Fig. 16—Bar 1563-4D, quenched and drawn at 1150 F. Fig. 17—Bar 1563-1D, quenched and drawn at 1150 F. 
0.222 P. X100, nital etch. 0.022 P. X400, nital etch. 
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creases. The first evidence of phosphide eutectic was in 
the 0.144 per cent phosphorus bar, and it was estimated 
that the first appearance of phosphide eutectic would 
occur at 0.08 to 0.09 per cent phosphorus. 

A point worthy of note is that whenever phosphide 
eutectic was present in the structure, the brownish- 
black unidentified inclusions that the present writer 
and others have noted before in magnesium-treated 
nodular irons, were almost invariably associated with 
the phosphide eutectic areas, as shown in Fig. 10. 
Usually these inclusions were in the eutectic with clear 
evidence of having been present before the phosphide 
eutectic was formed. It is believed that this is coinci- 
dence, the phosphide eutectic areas and the inclusions 
being located in the last metal to solidify. 

In Fig. 11 and 12 are shown the microstructures of 
the fully annealed bars 1543-1A and 1543-4A (an- 
nealed from 843 C (1550 F)). The structures of bars 
1563-1A and 1563-4A (annealed from 954 C (1750 F)) 
were almost identical, except that the phosphide eu- 
tectic in 1563-4A had spheroidized completely. 

The microstructures of the oil-quenched and drawn 
bars are shown in Fig. 13 to 16 inclusive. The matrix is 
a tempered martensite, partially graphitized, with the 
as-cast dendritic structure clearly visible. As the phos- 
phorus content increases, the amount of graphitization 
of the tempered martensite decreases. The graphite re- 
sulting from this secondary graphitization precipitates 
as a dispersion of much smaller nodules, which is char- 
acteristic of these conditions as shown previously for 
quenched and pre-quenched malleable iron. The struc- 
ture is shown more clearly in Fig. 17. In Fig. 18 and 19 
are shown the microstructures of the lowest and highest 
phosphorus content quenched and drawn bars, wherein 
the difference in amount of graphitization, and possi- 
bly spheroidization, may be seen. 


Discussion of Results 
Liquid Shrinkage—It is evident from Fig. 1 that the 
liquid shrinkage of the nodular irons considered here 
increases with increasing phosphorus content, and 
heavier risering is therefore necessary as phosphorus 





Fig. 18—Bar 1563-1D, quenched and drawn at 1150 F. 
0.022 P. X1500, nital etch. 
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content increases in nodular iron. However, the effect 
is apparently not large until amounts of phosphorus 
are present that are intolerable from the viewpoint of 
good mechanical properties. 

The carbon content of the nodular irons considered 
here may appear to be low, but it has been the writer’s 
experience that when magnesium-ferrosilicon master 
alloys containing about 10 per cent of magnesium are 
used to introduce magnesium into the molten iron, the 
final carbon content, when determined on pencils and 
not on drillings, is usually in the range 3.00 to 3.15 
per cent. This is true even when the molten iron be- 
fore addition of the alloy contains over 4.0 per cent 
carbon. It is believed due to the well-known fact that 
addition of silicon decreases the solubility of carbon in 
iron, with apparently an overshooting on the equilib- 
rium carbon value due to the sudden addition of a rela- 
tively large quantity of silicon. 

There is apparently no disadvantage in this phe- 
nomenon, since such irons show excellent fluidity even 
at low phosphorus content, and the mechanical prop- 
erties are, if anything, improved. In recent tests indi- 
vidual motor-car piston rings have been poured with 
no misruns and sharp edges in green-sand molds with 
the same iron as in 1543-1, at a temperature in the 
pouring ladle of 1320 C (2408 F) as measured with a 
platinum, platinum-rhodium thermocouple. 


Mechanical Properties 

It is considered that the uniformity of composition 
within each series of phosphorus levels is within the 
limits of error of chemical determinations, so that the 
test results may be considered as truly representative 
of the effects of phosphorus content alone. In fact the 
analyses of the two heats may be considered as identical 
without serious error. There is excellent internal uni- 
formity in all of the mechanical test results which were 
done in duplicate or quadruplicate, and it would ap- 
pear justifiable to consider the averaged results as rep- 
resentative of real changes in the properties measured. 

Inspection of Fig. 2 shows that in the as-cast state, 
increasing phosphorus content results in little change 


Fig. 19—Bar 1563-4D, quenched and drawn at 1150 F. 
0.222 P. X1500, nital etch. 
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in ultimate strength, a small increase in yield strength, 
and relatively sharp decreases in elongation and im- 
pact strength. The falls in elongation and impact 
strength are serious, and for best toughness and duc- 
tility as-cast, the phosphorus content must be as low as 
possible. The effect of increasing phosphorus content 
on as-cast nodular iron is the combination of two effects, 
one due to strengthening and embrittling of the ferrite 
(as will be evident below in the annealed bars) and the 
other due to an increase in the amount of pearlite 
present due to the carbide stabilizing influence of 
phosphorus. For this reason increasing the phosphorus 
content increases the Brineil hardness more rapidly in 
the as-cast state than in the fully-annealed state. Ap- 
proximately, each doubling of the phosphorus content 
above 0.02 per cent results in halving the elongation 
and impact strength as-cast in the irons tested. 


Fully-Annealed State 


In the fully-annealed state (completely ferritic ma- 
trix) increasing the phosphorus content increases the 
ultimate strength and yield strength uniformly, though 
not to a large extent. Inspection of Fig. 3 and 4 also 
shows that the elongation and impact strength decrease 
with increasing phosphorus content, but with two im- 
portant differences from the case with as-cast bars. The 
first difference is that the shape of the phosphorus con- 
tent—elongation (and impact strength) curves are the 
opposite of those for the as-cast state, being convex up- 
ward rather than concave. This is very important since 
it means that a higher phosphorus content is tolerable 
in fully-annealed nodular iron than in the same iron 
as-Cast. 


The second difference apparent from comparison of: 


Fig. 3 and 4 is that if the annealing operation for re- 
moval of pearlite is preceded by a temperature of 954 C 
(1750 F) to spheroidize the phosphide eutectic, the 
permissible phosphorus level above which decrease in 
toughness is serious, is increased. The use of the higher 
temperature is of important additional advantage in 
that any primary carbide or chill that may be present 
in the as-cast iron is also rapidly decomposed. It is esti- 
mated that for the subject irons, a phosphorus content 
of 0.12 per cent is permissible if the iron is annealed 
from 843 C (1550 F) and 0.16 per cent if the iron is an- 
nealed from 954 C (1750 F). 

In the oil-quenched and drawn state the effect of 
phosphorus on mechanical properties is more compli- 
cate!. As phosphorus content is increased from a low 
level the ultimate strength and yield strength rise to a 
maximum level, from which the ultimate strength then 
decreases while the yield strength is constant or rises 
very slightly. The elongation and impact strength de- 
crease fairly uniformly as phosphorus content in- 
creases. Approximately, increasing the phosphorus con- 
tent by three times decreases the elongation and impact 
strength by one-third of their former values. 

The reason for the rise in strength with the first in- 
crease in phosphorus content is considered evident in 
the accompanying changes in microstructure. When a 
quenched, martensitic bar of cast iron (or nodular iron 
or malleable iron) is reheated, the martensite tempers or 
agglomerates to spheroidized pearlite exactly as in the 
case of a evtectoid steel similarly treated, the amount of 
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agglomeration or spheroidization iacreasing as the 
draw or tempering temperature is .ncreased. However, 
as soon as the draw temperature reaches levels of 538 C 
to 593 C (1000 F to 1100 F), graphitization or decompo- 
sition of the fine carbides becomes appreciable at a 
rate exponentially related to the temperature and to 
the silicon content (i.e. the tempered martensite will 
start to graphitize at a lower temperature, or will graph- 
itize more completely at any given temperature, as the 
silicon content of the iron increases). In the irons con- 
sidered here the silicon content is relatively high, and 
when phosphorus content is low, appreciable graphiti- 
zation of the tempered martensite will take place in an 
hour or more at 621 C (1150 F). As phosphorus content 
increases, of course less graphitization will take place 
in a given time, other things remaining the same. 

It will be noted that the quenched and drawn bars 
show the primary dendritic structure, especially clearly 
in the low-phosphorus 1563-1D bar. Examination at 
higher magnification shows further that graphitization 
has proceeded farther in the areas corresponding to 
the locations of the as-cast dendrites. This is another 
instance of the phenomenon noted several times pre- 
viously by the present writer in malleable irons, that 
marked segregation apparently takes place in cast irons 
on freezing. The segregation is believed primarly that 
of silicon, and the higher silicon areas have not only 
higher hardenability (or more sluggish austenite-mar- 
tensite transformation) but show more rapid graph- 
itization. 

A further point to be noted is that whenever mar- 
tensites in cast irons are graphitized, the free carbon 
produced does not precipitate on existing graphite 
nodules or flakes, but precipitates in a large number 
of individual locations. Since the total free carbon pro- 
duced is small (about 0.55 per cent in a 2.50 per cent 
silicon iron) none of the new graphite precipitation 
centers grow to appreciable size. This phenomenon has 
been well explored and reported for malleable irons, 
but the reasons or underlying theory are completely 
unknown at present. 

The photomicrographs in Fig. 13 to 17 inclusive of 
the quenched and drawn bars are understandable in 
view of the above considerations. At the lowest phos- 
phorus level (bar 1563-1D) appreciable graphitization 
of the tempered martensite has taken place, and the 
finely divided graphite is clearly shown in Fig. 17. It 
would be expected that such a structure, containing 
lower combined carbon content, would have lower 
strength. As the phosphorus content increases, the 
amount of graphitization in these bars decreases, with 
resulting rise in combined carbon and strength. Ap- 
parently there is an optimum phosphorus content at 
which the best combination of yield strength and elon- 
gation is obtained, and this phosphorus content is esti- 
mated for the subject irons as 0.07 to 0.10 per cent. It 
will be noted that this is the range which was estimated 
above as the limit of solid solubility of phosphorus in 
these irons. It is not known at present whether this 
coincidence extends to other draw temperatures and 
times. 

Considerable work has been done in these labora- 
tories on heat-treated nodular irons (normalized, 
quenched and drawn, partially or fully annealed) and 
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it has been consistently evident that the presence of 
pearlite gives the poorest combination of strength and 
toughness or ductility. The optimum properties are 
obtained in nodular iron when the iron is either fully 
annealed, for maximum ductility, or quenched and 
drawn for higher strengths. The results described 
above are in accordance with the previously obtained 
data. Nodular iron as-cast has excellent properties, es- 
pecially when compared with gray cast iron, but a 
further marked improvement in properties is obtained 
by a suitable heat-treatment. 

Another consistent feature noted in other work and 
evident in the results given above, is that the modulus 
of elasticity is essentially uniform and independent of 
the matrix structure of the iron. 


Conclusions 


From the above data and discussion, the following 
conclusions may be drawn: 

1. Increasing the phosphorus content of nodular 
iron from a low level results in slightly increased 
strength, and more or less seriously decreased elonga- 
tion and impact strength. 

2. In the as-cast state, the elongation and impact 
strength drop rapidly as phosphorus content is in- 
creased, decreasing by about one-half for every doubl- 
ing of the phosphorus content in the irons tested. For 
maximum ductility as cast, the phosphorus content of 
nodular iron must be at a low level. 

3. In the fully-annealed (completely ferritic) state, 
a higher phosphorus content is tolerable than in the 
as-cast state, and this telerable level is increased by an- 
nealing from a temperature sufficiently high to sphe- 
roidize phosphide eutectic. For the irons tested, the 
permissible phosphorus content is estimated at 0.12 per 
cent if annealed from 843 C (1550 F) and 0.16 per cent 
if annealed from 954 C (1750 F). 

4. In the oil-quenched and drawn state, for the 
irons tested an optimum phosphorus content appar- 
ently exists, below which ultimate and yield strength 
decrease rapidly and above which elongation and im 
pact strength decrease less rapidly. For the irons tested, 
increasing the phosphorus’ content by three times de- 
creases the elongation and impact strength by about 
one-third of their former values. 

5. For the irons tested, the maximum solid solubil- 
ity of phosphorus, above which free phosphide eutectic 
appears, is estimated as 0.08 to 0.10 per cent phos- 
phorus. This coincides with the optimum phosphorus 
content for the same ifons in the oil-quenched and 
drawn (1150 F) state. 

6. Phosphorus apparently is a retarder of graph- 
itization, at lexst in and below the critical temperature 


range. 
7. Pearlite lamellae become finer as phosphorus 
content increases. 
8. The brownish-black unidentified inclusion com- 
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mon in magnesium-treated irons is nearly always asso- 
ciated with phosphide eutectic where the latter exists, 
and evidently pre-exists the phosphide eutectic. 

9. The liquid shrinkage of nodular iron increases 
with phosphorus content. 
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DISCUSSION 


Chairman: A. P. GAGNEBIN, International Nickel Co., New 
York. 

Co-Chairmen: YT. E. EaGAn, Cooper-Bessemer Corp., Grove 
City, Pa.; W. B. McFerrin, Haynes Stellite Div., Kokomo, Ind. 

J. T. MAcKenzre:* I cannot agree with Mr. Rehder that the 
carbon always comes out from 3.00 to 3.15 per cent. I was look- 
ing at some results of recent tests we made with about a 4.10 
total carbon in magnesium-treated iron. We cast a series of bars 
from 0.6 in. to 3 in. The carbon on the 0.6-in. bars was 4.14 
and it gradually fell off to 3.80 on the 3-in. bars, But I have 
never yet seen one drop from 4 per cent to 3 per cent in normal 
handling. 

Mr. Renper: I appreciate Dr. MacKenzie’s remarks. I said | 
thought probably there would be a difference of opinion. | 
know other people are using magnesium ferro-silicon and are 
obtaining drops in carbon, and I have encountered it fre- 
quently. I believe the carbon analyses are correct. Actually I 
have not paid much attention to the phenomenon, since there 
has been little trouble with fluidity of the iron. I am pleased 
that Dr. MacKenzie mentioned the point, but I am not sure of its 
practical importance. 

E. Spire: ? Is elongation really the most important property of 
nodular iron? Is not yield, the modulus of elasticity and the 
bending characteristics also important? 

Mr. Renper: When one gives a paper like this, it is rather 
difficult to avoid giving the impression that one is concentrating 
on one particular property and saying that is the important 
one. I talked about elongation because I was using it as a 
measure of toughness, and the values for yield strength and 
modulus of elasticity are given in the paper. If you are going to 
use the iron for a given application and if you know the prop- 
erties you want in the application, draw your own conclusions 
from the data presented. There is no inference that any prop- 
erty is the most important. It depends entirely upon the applica- 
tion. That is just as true of nodular iron as it is of any other 
material. 

C. F. WALTon:* I noticed in your microstructures evidence of 
a cored or dendritic structure. What element do you attribute 
that to? 

Mr. Renprr: The dendritic structure visible in some of the 
photomicrographs is the sort of thing commonly visible in gray 
irons when conditions of heat treatment are suitable. Evidence 
now available shows that silicon is micro-segregated in cast iron- 
carbon-silicon alloys, and it concentrated largely in the primary 
dendrites. 

In the low-phosphorus sample in the present paper the den- 
dritic structure appeared because the amount of graphitization 
happened to be about right for good contrast. A less, or more, 
completely graphitized structure would be less revealing in this 
respect. 


1 Technical Director, American Cast Iron Pipe Co., Birmingham, Ala 
2 Chief Metallurgist, Canadian Liquid Air Co., Ltd., Montreal, Canada. 
8 Case Institute of Technology, Cleveland. 
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ALLOYED WHITE IRON 


By 


F. B. Rote,* G. A. Conger,** K. A. DeLonge*** 


ABSTRACT 


This paper represents the results obtained in an investi- 
gation of the isothermal transformation characteristics of an 
alloyed white iron containing nominally 340 T.C., 1.15 Si, 
0.35 Mn, 4.50 Ni, 185 Cr, and 0.12 Mo. A complete T-T-T 
diagram was determined from data obtained by hardness tests 
and microscopic examination of wedge-shaped castings, directly 
air-cooled from the mold to sub-eutectoid temperatures for iso- 
thermal transformation. 

The T-T-T diagram for this iron has two “knees;” one at 
500 F, and the other at 1000 F. The time required for be- 
ginning of transformation is 1.3 hr at 1000 F and 14 hr at 500 
F. Transformation is complete in 6 hr at 1000 F and in 32 
hr at 500 F. The M, temperature is 200 F, and My, is about 
—200 F. The upper limit of the diagram is near, but above 
1300 F. In the range of temperature between 650 F and 850 
F, essentially no transformation occurs in 120 hr. 

Hardness data provided a rough approximation of the shape 
and position of the T-T-T diagram, but could not be relied 
upon for accuracy, due to the complexity of the structures 
in the alloyed iron. Microscopic studies were used to secure 
accurate, reliable data. 

In the temperature range 300 F to 500 F, a fine needle-like 
bainite is produced, and between 500 F and 650 F open, 
feathery bainite. The latter is softer than the fine bainite 
produced at the lower temperatures. In the range between 
650 F and 850 F no isothermal product was produced in 120 
hr, so the appearance of products in this range is not known. 
At higher temperatures, up to 1300 F, pearlitic products are 
obtained. These are unresolvable at 500X, when formed at 
temperatures below 1100 F and are spheroidized at temperatures 
above 1100 F. 

fustenite “conditioning” by slow cooling from 1700 F or 
soaking at 1400 F, each of which provides homogenization, 
alters the position of the T-T-T diagram. The pearlite nose 
is shifted slightly to the right, the bainite nose slightly to 
the left. The M, temperature is raised to above 400 F by slow 
cooling from 1700 F and to 400 F by soaking at 1400 F. 


Introduction 


SEVERAL INVESTIGATORS HAVE REPORTED in the 
recent past the results of studies of the isothermal 
transformation characteristics of alloyed irons. Their 
studies have been confined, in general, to small sec- 
tions removed from larger castings which had been 


* Associate Professor, Metallurgical Engineering and Metal 
Processing, ** Instructor, Metal Processing, University of Michi- 
gan, Ann Arbor, Mich., *** Metallurgist, Development and 
Research Div., International Nickel Co., Inc., New York. 
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allowed to cool to room temperature. Upon reheating 
for austenitization, these sections reach at least virtual 
equilibrium, and results secured in isothermal trans- 
formations are for uniform, homogenized austenite. 

Actual castings are not normally subjected to heat 
treatments, and the microstructures which occur in 
alloyed irons are those which are produced during 
continuous cooling. Due to the rapid rate of solidi- 
fication and cooling of most such castings, the 
austenite never reaches equilibrium composition, and 
the transformation characteristics are quite different 
from those observed in re-austenitized specimens of 
the same nominal analysis and structure. 

In order to investigate the actual transformation 
characteristics of directly-cooled and of homogenized 
castings, the present investigation was undertaken. 
The iron selected for study was an alloyed iron which 
is normally cast in chillers to produce a hard, abrasion 
resistant, martensitic white structure in the chill af- 
fected area, but with some graphite at depth. Its 
nominal composition was 3.40 T. C., 1.15 Si, 0.35 Mn, 
0.06 S, 0.07 P, 4.50 Ni, 1.85 Cr, and 0.12 Mo. 

The isothermal transformation characteristics of 
the iron as directly air-cooled after shakeout at 1900 
F, and after homogenization, were studied. A com- 
plete T-T-T diagram, constructed from studies of 
15 isotherms from 300 F to 1300 F, was obtained for 
direct-cooled castings, and studies were made at 500 F 
and 1000 F for homogenized castings. 


Experimental Procedure 


Because of the large number of castings required 
for the complete investigation of the transformation 
characteristics of the alloyed iron, it was necessary 
to produce several melts and to standardize on a 
fixed procedure. This procedure was based on normal 
industrial practice. For simplicity, each of the major 
steps employed will be discussed individually. 

Melting and Handling Practice—Metal for this study 
was produced in a 200-lb indirect arc Detroit Elec- 
tric rocking furnace lined with a fireclay-silica sand 
patching mix over a mullite crock to produce acid 
lining characteristics. This thin (14 to 4-in.) coat- 
ing slagged out after three or four heats, which was 
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the largest number made in any one production 
campaign. 

The charge used consisted of scrap, pig iron, and 
ferro-alloys, proportioned as follows: 81.5 per cent 
scrap, 17.0 per cent pig iron. Balance nickel squares, 
ferro-70-chrome, and ferro-60-molybdenum. 

A total of seven melts was required for the investi- 
gation. Chemical compositions are presented in Table 
1. 


TABLE 1—CHEMICAL COMPOSITIONS OF ALLOYED IRON 
MELTs INVESTIGATED 








Mele T.C. Si Mn S P Ni Cr Mo 
B 3.35 1.12 040 007 007 439 41.79 0.15 
Cc 3.34 1.24 0.32 0.06 0.07 489 2.08 0.13 
D 348 1.15 034 006 007 440 4191 O.11 
E 3.39 1.15 039 0.06 0.07 4.50 1.73 0.15 
F 3.48 1.13 035 0.06 0.07 429 1.85 0.13 
G 3.36 1.16 0.34 0.06 0.07 434 181 0.11 
H $38 1.12 0.33 0.05 0.07 4.42 196 0.15 


Analyses by Detroit Testing Laboraiory and Member 
Laboratories of the Roll Manufacturers Institute. 











ISOTHERMAL TRANSFORMATION OF ALLOYED WHITE [rox 









At the beginning of each melting campaign the 
furnace was preheated thoroughly, in order to es- 
tablish standard melting conditions for each melt, 
whether it was the first or a later melt in a success:on 
made during any one day. In charging, the pig iron 
was placed on the bottom of the furnace, followed 
by the scrap. The nickel and ferro-alloys were added 
immediately after the entire base charge was molien, 

The metal was melted, alloyed, then superheated 
to a maximum temperature of 2700 to 2740 F as 
determined by optical pyrometer measurement on 
the clear surface of the metal in the bath. Upon 
reaching the maximum temperature, each melt was 
tapped into a preheated fireclay-silica-lined ladle and 
poured into the molds. Pouring temperatures were 
2550 F to 2575 F, as measured by an immersed noble- 
metal thermocouple. 

Test Casting—The casting employed in this inves- 
tigation was wedge shaped, with dimensions as fol- 
lows: Minimum thickness 14 in.; Maximum thickness 
1% in.; Width 21% in.; Height 2 in. 
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Fig. 1—Typical graphite patterns and dendrite sizes in tip and interior of experimental wedge casting. 
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Six such castings were produced in each open-top 
mold, with a connecting slab 214 x 1414 x 1-in, thick. 
The slab was notched between castings to permit 
separation of the wedges immediately after shakeout. 

The molds were baked cores made of A.F.S. 50 
grain size lake sand bonded with | per cent oil, 1 per 
cent cereal, and 1 per cent bentonite. The cores 
were baked 16 hr at 375 F. 

After pouring, the core molds were allowed to 
stand 7 min, during which the metal solidified and 
cooled to about 1900 F. The castings were then re- 
moved from the mold and broken apart. 

One casting from each heat was air-cooled, one was 
water quenched, and the others were moved to electric 
furnaces which had previously been brought to 
equilibrium at the temperatures selected for iso- 
thermal transformation. Twelve specimens were 
placed in each furnace at the time that chromel- 
alumel thermocouples in one or two of the wedges 
of each group indicated that the temperature of the 
interior at l-in. thickness was 50 F above the isotherm 
to be investigated. The specimens were placed in 
the furnaces at this time, rather than when the tem- 
perature was at the isotherm, to prevent excessive 
undercooling of the tips. Cooling to 1000 F required 
approximately 16 min from the time of pouring. 

Experience showed that the castings reached furnace 
temperature in approximately 15 min after placement 
in the furnace. Transformation time was calculated 
from this point. Specimens were removed from the 
holding furnaces after periods of from 15 min to 120 
hr and water quenched in preparation for examina- 
tion. A total of 15 isotherms were investigated in 
this work. The minimum temperature was 300 F, 
and the maximum 1300 F. Maximum temperature 
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range in the holding furnaces was plus and minus 
10 F. 

Testing Procedure—A standard procedure for sec- 
tioning the wedge castings was adopted to secure 
uniform samples for examination. All sectioning was 
done with a high speed abrasive cut-off wheel, using 
a type of disc which produced a minimum of heating 
during cutting. The first cut was made on a plane 
parallel to the top slab of the wedge at a location 
selected to provide metal at l-in. wedge thickness. 
The heavier end of the wedge was discarded. A notch 
was made at the center of the wedge tip, and a full 
cut was made about 3% in. from the center. The cast- 
ing was fractured at the notch and ground for hard- 
ness tests, then polished for metallographic examina- 
tion. 

Rockwell “C” hardness determinations were made 
on the fractured and ground surface along the center 
line of the flat surface at two locations—near the tip 
and at a point of 1-in. wedge thickness. The entire 
surface was polished for metallographic examination. 

Typical microstructures developed at the tip and 
in the interior of the wedge at l-in. thickness are 
shown in Fig. 1. 

Part A—Transformations on Continuous Air-Cooling to 
Isotherm 

Voluminous data were accumulated during the in- 
vestigation, covering several phases of the research. 
These will be discussed in individual sections. 

Variations of Hardness with Isothermal Transfor- 
mation—One of the standard procedures used to fol- 
low isothermal transformations of steels is the change 
in hardness with transformation, which provides re- 
liable data, if used on homogeneous materials. It 
was thought that such tests might be used for this 





Fig. 2A—Time-Rockwell C hardness 
data for isothermally transformed 
wedge castings (interior at I-in. 
thickness). 
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Fig. 2B-Time-Rockwell C hardness 
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TaspLeE 2—HaARDNESS OF WEDGE CasTINGs AFTER Iso- 
THERMAL TRANSFORMATIONS 
(All Samples Air-Cooled to Indicated Temperatures) 





Isothermal Percent VY in. 1 in. 
Melt Trans. Times Transfor- Tip thickness thickness 


No. Temp.F Hr mation R”C” BHN BHN R’”C” BHN 
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alloyed white iron, even with its heterogeneous struc. 
ture. Accordingly, hardness data obtained on_ iso 
thermally-transformed specimens from locations at 
the tip and at l-in. thickness were plotted for cach 
of the 15 isotherms investigated. Typical Time. 
Rockwell “C” hardness data for transformations at 
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At temperatures between 900 F and 1300 F the 
hardness changes with time were more consistent. 
The maximum hardness changes within this tem- 
perature range occurred at 1000 F. The hardness 
began to drop after 1.0 to 1.5 hr and reached a mini- 
mum of 40 Rockwell “C” in 10 to 20 hr. 

Hardness changes began later at temperatures above 
and below 1000 F, and proceeded slower. Little or 
no change occurred at 1250 F and 1300 F. 

The hardness data may be summarized as follows: 

1. Minor changes occur, even with long soaking, 
at 300 F and 350 F, indicating either little trans- 
formation, or the formation of a constituent with a 
hardness approaching martensite. 

2. Greater hardness changes occur at 400 F and 
500 F, with indicated complete transformation at both 
temperatures. Minimum hardness at shortest soaking 
time was developed at 500 F, 38 Rockwell “C” in the 
interior and 51 Rockwell “C” at the tip in 20 hr. 

3. The magnitude of the hardness changes de- 
creased, as did the rate of change in the temperature 
range of 600 F to 900 F. At 700 F, 800 F, and 900 F 
there was an actual hardness increase. 

4. In the temperature range 950 F to 1200 F the 
hardness decreased appreciably with time at tem- 
perature. The hardness change was most rapid at 
1000 F and slower at 950 F, 1100 F and 1200 F. 
Minimum hardness was developed by complete trans- 
formation at 1000 F. This produced 40 Rockwell 
“C” in the interior and 48 at the tip. 

5. At temperatures of 1250 F and 1300 F no change 
in hardness was evident in the ]-in. section, although 
there was a slight decrease in hardness in the tip after 
about 50 hr at 1250 F. 

The hardness data from the isothermally trans- 
formed specimens established the rough shape of the 
T-T-T diagram for the alloyed iron, but the magni- 
tude of the hardness changes with transformation was 
relatively small, due to the presence of large quan- 
tities of cemenite, which remained unchanged. This 
undoubtedly would have led to errors in the de- 
termination of beginning and end of transformation, 
as well as intermediate stages. Further, hardness 
increases at certain temperatures, 700, 800, and 900 

TABLE 3—AUSTENITE TRANSFORMATION DATA FOR 


ALLOYED IRON 
(From Plotted Data) 
(Castings Air-Cooled to Transformation Temperatures) 





Time for Transformation, hr 





Temp. F 27, 10%, 20%, 98%, 

300 55 200 
350 40 135 a a 
400 7.0 9.0 10 100 
500 15 4.6 5.2 33 
600 2.7 40 és ai 
650 120 + 
700 
900 25 100 185 %, 
950 3 6.8 10.5 64 

1000 1.3 1.95 2.2 6 

1100 4 15 44 

1200 20 64 130 

1250 35 ¥ 

1300 
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Fig. 4—T-T-T diagram for alloyed white iron with 
3.40 T.C., 1.15 Si, 0.35 Mn, 4.40 Ni, 1.85 Cr and 0.12 
Mo. Castings were air-cooled to transformation 
temperatures. 


F, were unexplained. However, the hardness data 
did show the presence of a double “knee” in the 
T-T-T diagram, with minima at about 500 F and 
1000 F. They also showed that essentially no trans- 
formation occurred in up to 120 hr at 300, 350, 700, 
800, and 1300 F, which roughly outlines the shape 
of the diagram. 

Brinell and Rockwell hardness of air-cooled and 
of isothermally transformed castings are summarized 
in Table 2. 

Variation of Microstructure with Isothermal Trans- 
formation—Because the accuracy of the hardness data 
was not adequate to exactly position the T-T-T dia- 
gram, it was necessary to secure complete structural 
data by metallographic examination. The specimens 
used for hardness tests were reground and polished, 
etched with nital and examined microscopically. All 
specimens consisted of cementite, graphite and com- 
plex matrix constituents ranging from mixed mar- 
tensite and austenite; martensite, bainite and austen- 
ite; pearlite and martensite; or pearlite. 

The specimens which had been held at each iso- 
therm were examined microscopically by three inves- 
tigators, each of whom examined several areas or 
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each specimen to arrive at an estimated percentage 
transformation product. The results of each indi- 
vidual examination were averaged with those ob- 
tained by the other investigators, and a final result 
was obtained. This procedure was necessitated by 
the complex carbide and graphite structures which 
destroyed the continuity of the matrix constituents 
and made measurement of areas or lineal analysis 
impractical. Approximately 1,000 specimens were 
examined to secure the data fur the complete inves- 
tigation. Part of the data are plotted as per cent 
transformation versus log time at temperature in Fig. 
3a and 3b. 

It will be noted that the structural data confirm 
the hardness data previously discussed, in that little 
transformation occurred at 300 F and 350 F, almost 
complete transformation at 400 F, and complete 
transformation at 500 F. Less than 20 per cent trans- 
formation product was obtained in over 120 hr at 
600 F, and none at 700 and 800 F. The rate and 
amount of transformation increased with temperature 
in the range of 900 to 1000 F, with completion at 
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950 F and 1000 F. The rate then decreased with 
increase in temperature at 1100, 1200, and 1250 F. At 
1300 F, only nucleation was observed in 6634 hr. 

Data for the T-T-T diagram for the alloyed iron 
were taken from the time-transformation curves in 
Fig. 3a and 3b. The “beginning” of transformation 
was taken as 2 per cent product, and “end” as 98 pe: 
cent product. Data are summarized in Table 3, which 
shows the time (hours) required for 2, 10, 20, and 
98 per cent transformation. These points are plotted 
in Fig. 4, a partial T-T-T diagram for this iron. 

Fig. 4 shows the double “knee” type of T-T-T 
diagram, with minimum transformation times at 1000 
F. There is no transformation in 120 hr at tempera- 
tures between 650 F and 850 F. The upper limit of 
the diagram appears to be about 1300 F, at which 
temperature there was only an indication of nuclea- 
tion in 6634 hr. 













M, — M; Determinations 


M, — M, data were secured by a standard cooling- 
transformation-tempering procedure. <A_ series of 





225 F 





Room Temperature 


Fig. 5—Microstructures of castings (interior at 1-in. 
thickness) used for M,—M, determinations. Tempera- 





ture indicated is the one to which casting was cooled 
before tempering at 850 F. Etchant—1% Zephiran 
Chloride in 4% Nital. Mag. 500. 
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500 F, 120 Hr—38 Rockwell C 


400 F, 124 Hr—49 Rockwell C 
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Fig. 6A — Matrix microstructures produced on long soaking for isothermal transformation; interior of 
casting at l-in. thickness. Etched. Mag. 500 x. 
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wedge molds was made up with chromel-alumel 
thermocouples in the wedge cavities at l-in. thickness. 
These were poured, shaken out, and air-cooled to 
temperatures between 400 F and room temperature 
at 25 F intervals. Other samples were air cooled. to 
300 F, then quenched to 32 F, 0 F, —50, —100 F, 
—150 F, —200 F, or —225 F in ice water, alcohol-dry 
ice, or liquid air baths. Upon reaching the selected 
temperature between 400 F and —225 F the specimen 
was placed in a furnace at 850 F, held 15 min, and 
water quenched. All specimens were sectioned, using 
the »rocedure described previously, hardness was de- 
termined, and the specimens were examined micro- 
scopically. 

The etchant used for preparation of the M, — My 
specimens was 4 per cent nital with 1 per cent 
zephiran chloride, which darkens martensite formed 
before and tempered by reheating to 850 F and leaves 
untempered martensite formed on subsequent quench- 
ing relatively lightly etched. With this structural 
contrast it is possible to distinguish between the mar- 
tensite formed on air-cooling and that formed on 


quenching after reheating to 850 F, and thus to de- 
termine the highest temperature of formation of mar- 
tensite on continuous cooling. Photographs of rep- 
resentative specimens so treated are presented in 
Fig. 5. No dark martensite appears in the sample 
reheated to 850 F after cooling from melt to 225 F. 
One dark needle appears in the sample cooled to 200 
F before reheating. This is the M, temperature. More 
darkened needles appeared in samples cooled to 175 
F and 150 F. All martensite in samples cooled to 
room temperature or below was darkened by sub- 
sequent tempering and etching. 

It is obvious that the amount of martensite in- 
creases with decreasing temperature to —170 F, which 
indicates that the M, temperature is below room 
temperature, and probably near —200 F. This was 
deduced from the structures shown in Fig. 5 and from 
results of hardness tests which showed increasing 
hardness with decreasing temperature to —225 F. 
Therefore, the T-T-T diagram of Fig. 4 was com- 
pleted with M, at 200 F (fairly accurate) and My, at 
—200 F (approximate). 
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1200 F, 164 Hr—42.5 Rockwell C 


Microstructures Developed by Isothermal Trans- 
formation—The microstructure developed by continu- 
ous air-cooling of the wedge casting is demonstrated 
in the upper left photograph in Fig. 6. This con- 
sisted of coarse martensite, retained austenite, cement- 
ite, and graphite, and had a Rockwell “C” hardness 
of 51 to 53. Photographs of the microstructures 
developed by soaking for the longest period of time 
at some of the isotherms investigated are also pre- 
sented in Fig. 6. Certain of the specimens were in- 
tentionally uncer-etched to accentuate the structure 
of the transformation product and to subdue the 
confusing background structure. 

The constituents produced at 300, 350, and 400 F 
were characteristic thin needle-like particles. No 
positive identification could be made of the nucleating 
particles, although it might be assumed that the con- 
stituent is a true bainite, therefore nucleated by 
ferrite. The specimen transformed at 400 F shows 
the true structure of the low temperature product. At 
this temperature virtually complete transformation 
to the needle-like product was secured. 





1000 F, 11 Hr—42.5 Rockwell C 



















Fig. 6B—Matrix microstructures produced on long soaking for isothermal transformation; interior of 
casting at I-in. thickness. Etched. Mag. 500 x. 


Transformations to the various types of bainite 
failed to reach completion, insofar as complete elimi- 
nation of austenite was concerned. After nucleation 
had occurred, bainite formed at the expense of mar- 
tensite, such that in all specimens the total of bainite 
and martensite was fairly constant, up to the time 
period required to provide complete replacement of 
martensite by bainite in the structure. Longer soak- 
ing provided further formation of bainite, but at 
a slow rate, until a stable structure of bainite and 
austenite was secured. At temperatures where the 
stable structure occurred in less than 120 hr, it was 
assumed that the transformation had reached com- 
pletion, and lesser degrees of transformation were 
estimated, using the stable structure as a basis. At 
other temperatures, where transformation continued 
beyond 120 to 150 hr at temperature, estimation of 
the degree of transformation was based on stable 
structures secured at higher or lower temperatures. 

Transformation at 500 F produced a more complex 
structure, consisting of coarser needle-like particles 
and clear, open particles. 
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At 600 F partial transformation to the open type 
bainite structure was secured. None of the needle- 
like type was observed. 

Scattered particles of bainite similar to that ob- 
tained at 600 F were found in a wedge specimen 
soaked 120 hr at 650 F. Shorter time periods pro- 
duced no evidence of transformation. The martensite 
associated with this constituent was coarse, and there 
was considerable retained austenite. The appearance 
of the martensite produced from austenite held at 
650 F, and at lower temperatures, indicated no change 
in the austenite which could be reflected in alteration 
of the martensite produced on cooling to room tem- 
perature. 

Soaking at 700 F produced no transformation of 
austenite at temperature. However, the martensitic 
structure obtained by quenching to room temperature 
was markedly different than that produced in samples 
discussed above. This martensite was finer and denser 
than in the previous samples, and the hardness of 
the quenched specimen (120 hr at 700 F) was higher 
than that developed in air-cooled or quenched speci- 
mens. This indicates, as does the structure, much 
more complete transformation to martensite than in 
direct air-cooled samples. 

The martensite developed in quenched castings 
which had been soaked at temperatures above 700 F 
and up to 1300 F was likewise very fine and dense, 
and harder than that produced by air-cooling. In 
164 hr at 800 F about 2 per cent pearlite was de- 
veloped at the austenite-cementite boundaries. How- 
ever, the hardness of the specimen was 55 Rockwell 
“C,” indicating practically complete transformation 
to martensite of the austenite which had not trans- 
formed to pearlite. A specimen cooled to —225 F 
developed the same hardness. 
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Pearlitic structures were developed on soaking at 
temperatures between 900 F and 1300 F. Complete 
transformation was obtained at 950 F and 1000 F, 
and only partial transformation at the other tem- 
peratures. Between 1100 F and 1300 F, a spheroidized 
structure was produced, while at temperatures be- 
tween 800 F and 1000 F, fine pearlite, unresolvable 
at 500X was produced. In general, nucleation of the 
pearlite occurred at the cementite-austenite boun- 
daries, but at 1250 F, where very little pearlite was 
formed, even in 120 hr, nucleation occurred at or 
near graphite flakes. Pearlite produced at this tem- 
perature was spheroidized. 

The results of hardness tests and structural ex- 
amination of isothermally transformed castings in- 
dicated that slow rates of cooling or arrested cooling 
might have rather marked effects on the transfor- 
mation characteristics of alloyed irons. Castings 
soaked for up to 120 hr at temperatures between 700 
F and 1300 F underwent more complete transfor- 
mation to martensite, with attendant higher hard- 
nesses. This is apparently due to “conditioning” of 
the austenite as a result of carbide rejection at the 
elevated temperatures, producing a condition more 
nearly equilibrium. This results in higher M, and 
M, temperatures on subsequent cooling to room tem- 
perature and, therefore, more complete transfor- 
mation to martensite. 

Because of those findings, a second phase of the 
investigation was begun to determine the influence 
of soaking at elevated temperatures and of slow cool- 
ing on the isothermal transformation characteristics 
and M, — M, temperatures of the alloyed iron. This 
phase had dual objects: to investigate the possibilities 
of improving the hardness of highly alloyed irons 
by elimination of retained austenite, and to investi- 
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gate the transformation characteristics of castings 
cooled in a manner more nearly approximating 
equilibrium, 


Part B—JInfluence of Austenite “Conditioning” on 
Transformations 
As stated above, important possibilities of “con- 
ditioning” the austenite in alloyed castings prior to 
transformation were indicated by the results obtained 
in the first phases of this research and, accordingly, 
further work on this subject was initiated. Standard 
‘melting, casting and shake-out procedures were used 
in producing specimens for this work, but after shake- 
out, variations from the earlier air-cooling procedure 
were employed. Three conditioning procedures were 
employed. These were: 
1. Hold 1 hr at 1700 F and cool in the furnace at 
a rate of about 60 to 70 F per hr to transformation 
temperatures. This procedure is designated 1700-1. 
2. Hold 2 hr at 1400 F and air-cool to transforma- 


] 
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tion temperatures. This is designated 1400-2. 

3. Hold 20 hr at 1400 F and air-cool to transforma. 
tion temperatures. This is designated 1400-20. 

Castings handled under each of the three proced. 
ures were transformed isothermally at 500 F and 
1000 F. Others, with integrally cast chromel-alume! 
thermocouples were used for M,—M, temperature de 
termination. 


Influence of Conditioning on Hardness-Time Rela- 
tions—Standard sectioning and testing procedures were 
employed in examining wedge castings produced un- 
der the modified conditions detailed above. Hard- 
nesses were taken at the tip and in the interior at |- 
in. thickness. Time-Rockwell “C” hardness data for 
interiors at l-in. thickness are plotted in Fig. 7a and 
7b. 

In general, the hardnesses of all specimens sub- 
jected to partial isothermal transformations after con- 
ditioning heat treatments were 3 to 8 points Rockwel! 
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“C” above those produced by directly air-cooling to 
the transformation temperatures. This is undoubted- 
ly due to more complete transformation of austenite 
to martensite on subsequent quenching. In the in- 
terior sections the hardness tests gave indications of 
earlier nucleation and completion of transformation 
at 500 F after conditioning treatments, particularly 
by slow cooling from 1700 F, than after directly air- 
cooling to 500 F for transformation. This is probab- 
ly due te the presence of graphite in these sections 
which perm:.ced lower austenite carbon content on 
conditionins than on air-cooling. Little effect of con- 
ditioning was noted in the hardness changes in the 
tip sections, probably because of the practical absence 
of graphite, which retarded attainment of equilibrium 
conditions. 

An important effect of conditions was noted in the 
hardness-time curves for specimens transformed at 
1000 F. These showed considerably longer nucleation 
times and slower transformation rates in conditioned 
specimens. 
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Influence of Conditioning on Isothermal Transforma- 
tions—Microscopic examination of the isothermally- 
transformed specimens produced in this phase of the 
investigation confirmed the results of the hardness 
tests. Time-Transformation data for 500 F and 1000 
F isotherms are plotted in Fig. 8a and 8b. 

At 500 F the specimens conditioned by soaking | 
hr at 1700 F and furnace cooling underwent trans- 
formation considerably more rapidly than air-cooled 
specimens or those conditioned at 1400 F. The three 
latter conditions produced essentially the same trans- 
formation characteristics at 500'F. There was an in- 
dication of somewhat more rapid attainment of com- 
pletion in the specimens conditioned 2 hr at 1400 F 
than in those directly air-cooled to 500 F, while speci- 
mens conditioned 20 hr at 1400 F started transforma- 
tion earlier, but proceeded slower than directly air- 
cooled specimens. 

At 1000 F the marked effect of condition of austen- 
ite was more apparent. Here all conditioned speci- 
mens proved less prone to transform to pearlite, with 












Direct Air Cooled—52.5 Rockwell C 





Cooled 2 Hr at 1400 F then Air Cooled—54.5 Rockwell C 






Fig. 9—Influence of conditioning on microstructure secured by continuous cooling; interior at I-in. thick- 


ness. Etched. Mag. 500x. 
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those conditioned by slow cooling from 1700 F prov- 
ing the most stable at 1000 F. 


Influence of Conditioning on Martensite Transfor- 
mation—The results of isothermal transformations at 
temperatures of 700 F and above indicated a condi- 
tioning effect on the austenite in alloyed iron which 
permitted complete (or nearly complete) transforma- 
tion to martensite on cooling to room temperature. 
These results were checked by conducting M,—M, 
temperature determinations on conditioned speci- 
mens. The standard cool-temper-quench procedure 
discussed previously was employed for this purpose. 
Conditioning at 1400 F raised the M, temperature 
from 200 F in air-cooled specimens to 400 F. Slow 
cooling from 1700 F raised the M, to above 400 F, as 
evidenced by the presence of 10 per cent dark marten- 
site in the specimen cooled to 400 F, reheated 15 min 
at 850 F, and water quenched. The fact that the My, 
temperatures were raised by conditioning is evidenced 
by the greater degree of martensite transformation at 
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any temperature in conditioned samples, as compari | 
with air-cooled samples. 






Influence of Conditioning on Microstructures—M ic: \ - 
scopic examination of specimens subjected to cond 
tioning treatments prior to transformation disclose:| 
many alterations of structure as a result of the condi- 
tioning. Photographs showing the effect on the ma) 
tensite transformation are shown in Fig. 9. While th 
directly air-cooled specimen had coarse martensite an: 
considerable retained austenite, the others had muci) 
finer and denser martensite and evidence of little o 
no retained austenite. The martensite was finest in 
the specimen from 1700-1, which had the highest M. 
temperature and showed most rapid martensite trans 
formation with decreasing temperature below 400 F 

The isothermal product produced at 500 F was 
altered appreciably by conditioning by slow cooling 
from 1700 F. This is shown in Fig. 10. The bainit« 
produced at 500 F was coarser than in specimens di- 
rectly air-cooled to 500 F, and the degree of transfor 








Heat E—Air Cooled to 500 F 
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Fig. 10—Influence of conditioning on isothermal trans formation in 4 hr at 500 F; interior at 1-in. thickness. 
Etched. Mag. 500x. 


Heat H—Cooled 75 F/Hr to 500 F 
(50% Transtormation, 49 Rockwell C) 


Heat H—Soaked 20 Hr at 1400 F, Air Cooled to 500 F 
(8% Transformation, 50 Rockwell C) 
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mation in 4 hr was much greater. This was also in- 
dicated by hardness tests and micro examination of a 
long series of specimens. Conditioning at 1400 F pro- 
duced much less alteration in structure, except for 
the generally finer martensite produced on quench- 
ing. The degree of transformation in 4 hr at 500 F 
was about the same in castings conditioned at 1400 F 
as in air-cooled specimens. This was shown by hard- 
ness test and in time-transformation curves. 


Discussion and Conclusions 


Although the most important findings of this in- 
vestigation have been discussed in previous sections 
of this paper, some merit repetition and amplifica- 
tion. 

The isothermal transformation characteristics of the 
alloyed iron are such that a double “knee” T-T-T 
diagram is produced. This diagram has one knee at 
1000 F and the other at about 500 F. 

The T-T-T diagram presented in this paper was 
obtained by examination of specimens rapidly air- 
cooled to the temperatures selected for transforma- 
tion. It is directly applicable to small castings, but 
requires alteration for large castings which cool slow- 
ly. The supplementary data secured in the investiga- 
tion of conditioning treatments provide data upon 
which such alteration can be based. Conditioning by 
slow cooling or by soaking at an elevated temperature 
(1400 F in this investigation) has a rather marked 
effect on the transformation characteristics and pro- 
duces the following effects: 

1. It moves the pearlite knee of the T-T-T diagram 
to the right. This apparently is due to rejection of 
cementite during conditioning, which reduces the 
nucleating tendency for pearlite. 

2. It moves the bainite knee of the T-T-T diagram 
to the left. This appears also to be due to the low- 
ered carbon content of conditioned austenite which 
can form ferrite nuclei more readily than higher car- 
bon, unconditioned austenite. 

3. It raises the M, and M, temperatures. This also 
is due to the lowered carbon content of the austenite 
and results in considerably higher hardnesses on cool- 
ing to room temperature. Conditioned austenite trans- 
forms almost completely (if not completely) to mar- 
tensite above room temperature. 

4. It changes the appearance of bainite transfor- 
mation product at 500 F. Rapidly cooled austenite 
transforms to a mixture of fine needle-like and open, 
feathery bainite, while conditioned austenite produces 
a coarser needle-like constituent at this temperature. 

Because of the change in transformation character- 
istics as a consequence of conditioning of austenite, 
it might be concluded that conditioning also will 
shift the position of the knee of the T-T-T diagram 
with respect to temperature. The pearlite knee is 
probably shifted only slightly, if at all, while the 
bainite knee is probably raised slightly. 

The process of conditioning austenite following 
solidification of alloyed castings offers a method of 
reducing the amount of austenite retained at room 
temperature. Some reduction of the quantity retained 
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might be effected by the simple process of slow cool- 
ing after early shakeout, such as by burying castings 
in large groups to retard cooling or placing them in 
preheated furnaces. 


Acknowledgment 


The writers wish to thank the International Nickel 
Co., Inc., for financial support of the investigation 
upon which this paper is based and for permission 
to publish the data obtained under its sponsorship. 
Special thanks are extended to Mr. H. V. Beasley of 
the Pittsburgh Field Office for advice and support 
during the project. 

The Technical and Research Committee of the 
Roll Manufacturers Institute advised the use of the 
procedures which were followed in this investigation, 
and their advisory contributions to the progress of 
the work are also recognized. 

The assistance of W. H. Betts, John F. Carlson, 
George C. Evans, and Yeshwant P. Telang, students 
in the Department of Metallurgical Engineering, Uni- 
versity of Michigan, was of material value in secur- 
ing the large amount of data required in this investi- 
gation. 


DISCUSSION 


Chairman: R. SCHNEIDEWIND, University of Michigan, Ann 
Arbor. 

Co-Chairman: V. A. Crossy, Climax Molybdenum Co., Detroit. 

E. A. Loria (Written Discussion):* Again.it should be em- 
phasized that this is the first paper that presents a T-T-T dia- 
gram on alloyed white iron directly air-cooled to the transforma- 
tion temperatures. Its importance as a guide in the processing of 
commercial castings is noteworthy and it will no doubt be used 
to advantage by the roll manufacturing industry. 

From the academic viewpoint, several questions arise which 
are probably covered in the author’s report to the Roll Manu- 
facturer’s Institute, but omitted in the abbreviated paper. First, 
in view of the known inadequacy of the present nomenclature 
for the decomposition products of austenite and the variations in 
microstructures observed (as in complex alloy steels), it is neces- 
sary to resort to micrographs in order to classify some of the 
microstructures. 

Since this is the most comprehensive study of the isothermal 
transformation characteristics on direct cooling of alloyed white 
irom, it would be worthwhile to show the microstructures after 
2 to 10 per cent transformation at 400 F, 350 F and 300 F. 
The thin plate-like structures occurring in this temperature range 
are very interesting for they may undergo changes in structure 
on isothermal holding. In high magnification micrographs of a 
complex alloy, hypereutectoid steel, the writer* showed that the 
carbon-rich plates (acicular carbide) decomposed or tempered 
slowly to a carbon-rich aggregate after long holding periods at 
temperature. Did the authors observe any evidence of this re- 
action in their micro-examination of the plate-like structures 
found in the lower part of the bainite knee (both before and 
after austenite conditioning treatments)? The comment is made 
that conditioning treatments shortened the start time and changed 
the appearance of the bainite transformation, particularly the 
plate-like type. More of the excellent micrographs (Fig. 10) 
especially at higher magnification would substantiate such con- 
clusions. 

The statement is made that the needle-like bainite is harder 
than the more open, feathery bainite (which is the usual case), 
but the Rockwell C hardness values listed in Fig. 4 are practi- 
cally the same at the top of the bainite knee as at the bottom. 
Would the authors comment on any evidence of a two-stage re- 
action occurring only in the upper part of the bainite knee 


1 Research and Development Dept., The Carborundum Co., Niagara Fails, 
x. 3 

*E. A. Loria and H. D. Shephard, ‘‘Acicular Transformations in Alloy 
Steel,’’ Transactions, ASM, vol. 40, 758-774 (1948). 
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which has been observed in the case of alloy steels with double 
knee, T-T-T-diagrams by Troiano and others? 

It is of practical value to know that conditioning treatments 
alter the position of the T-T-T-curves with respect to time. As 
in steel, probably the most important information relevant to 
the problem of slack quenching is the time for the initial de- 
composition of austenite at any temperature and the nature of the 
decomposition products. Just how much of a shift to longer times 
is there in the start curve for pearlite and to shorter times in 
the start curve for bainite formation? Again, as in the case of 
alloy steels exhibiting a double knee, T-T-T diagram, alloying 
elements (when dissolved in austenite) have their major effect 
in retarding the pearlite transformation but appear to have 
little effect on the bainite reaction. Actually, the fact that the 
bainite shelf in this iron is moved to the left by conditioning 
treatments would make the T-T-T-diagram similar to the 
T-T-T-diagrams shown for such steels.** Another question 
which arises is, would incubation treatments of the type pro- 
posea by Jaffet and the writerf}+ have any effect on this iron 
when first given an elevated temperature conditioning treatment 
so that the two knees would then be out of balance with respect 
to time? 


There is a possibility that the austenite conditioning (soaking) , 


treatment may have modified the transformation characteristics 
of the iron (as in steel), i.e., cause a shift of the T-T-T-curves 
towards shorter induction periods for bainitic transformation, as 
the holding temperature (in the austenitic range) is raised. If 
such a shift does, in fact, occur. the knee of the transformation 
curve for continuous cooling of a large roll casting might well 
be intercepted giving a transformation to an intermediate 
product, whereas the knee of the curve for the unconditioned 
small, wedge casting would not be intercepted and martensite 
would be produced. 

The small wedge castings used in the construction of the 
T-T-T-diagram were air-cooled to the transformation tempera- 
tures. The rate of decomposition of austenite is accelerated by 
burning in air.t+{+ The state of the impurities in the iron (par- 
ticularly sulphides) is different during direct cooling trans- 
formation in comparison with transformation following reheat- 
ing and such solubility effects may produce slight differences in 
the location of the start curves. 

Finally, a number of roll manufacturers do their melting for 
similar alloyed irons in an air furnace rather than an electric 
furnace, and there is an effect of the melting medium (princi- 
pally superheating) on the type and amount of graphite that is 
produced in the iron. The authors have made an excellent start 
on plotting the course of the primary austenite transformation. 
Determining the course of the retained austenite transformation 
on reheating will be a more difficult problem which may or may 
not be amenable to metallographic interpretation. Retained aus- 
tenite does exist in significant quantities in their iron and does 
affect the properties. In the case of steel, new unpublished work 
indicates that if austenite decomposes during cooling, tensile 
ductility and impact resistance will be decreased; if austenite is 
retained, it will decrease yield strength; if it transforms during 
plastic deformation, it will increase tensile strength, lower elon- 
gation and reduction of area and reduce notch toughness. 

Mr. RoTeE (Reply to Written Discussion by E. A. Loria): The 
writers appreciate the comments of Mr. Loria who has con- 
tributed considerable to the literature on the subject covered in 
our paper. 

The holding time at the lower temperatures, 300 F to 400 F, 
were restricted tc a maximum of about 120 hr. In this time 


**E. A. Loria, ‘Kinetics of the Austenite Transformation in Certain 
Alloy Steels,” Transactions, ASM, vol. 43, pp. 718-738 (1951). 

+ L. D. Jaffe, ‘“‘Anisothermal Formation of Bainite and Proeutectoid Con- 
stituents in Steels,’’ Transactions, AIMME, vol. 176, pp. 363-383 (1948). 

tt E. A. Loria, Discussion of above reference, p. 377-379. 

ttt F. C. Thompson and L. R. Stanton, ‘“‘The Effect of Oxygen on the 
Isothermal Transformations of Steel,’’ Journal, Iron and Steel Institute, vol. 
153, pp. 259-263 (1946). 
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period transformation to the acicular structures started and pro 
ceeded toward completion, depending upon the temperature of 
holding. The transformation products were thin and needlc- 
like, but did not undergo any observable change in structure 
with increasing time. Reference to Fig. 4 will show that there 
was little transformation in 120 hr at 300 F and 350 F, and 
the constituent obtained at 400 F was mixed with a large amoun: 
of relatively stable austenite. 

The microstituents secured at lower temperatures in condi 
tioned specimens were coarser and more feathery than in direc: 
cooled specimens. This is demonstrated by comparison of th 
lower left photograph in Fig. 6a with the upper right photo- 
graph in Fig. 10. The structure of a direct cooled specimen held 
120 hr at 500 F is shown in the former figure, while a condi- 
tioned specimen held only 4 hr at 500 F is shown in the latter. 
The direct cooled casting transformed to a relatively open 
structure, while the conditioned specimen transformed more 
rapidly to a coarser, closed structure, 

The Rockwell “C” hardnesses shown in Fig. 4 (right) are for 
specimens held 120 hr at the indicated temperatures. As was 
stated in the paper, hardness measurements were not reliable in- 
dications of transformation, particularly at the lower “knee 
temperatures. At these temperatures the transformation prod- 
ucts were bainite, but considerable austenite was retained. In 
many specimens for which hardness are reported considerable 
martensite was also present. Thus, at the upper and lower limits 
of the bainite knee, similar hardnesses were obtained, because 
little or no transformation occurred and the structure consisted 
of martensite, austenite and cementite. Lower hardnesses were 
obtained at intermediate temperatures due to substitution of 
bainite for martensite in the ultimate structures. 

No evidence of a two-state reaction was observed at the upper 
bainite temperatures, probably because of the sluggish nature of 
the transformation in the highly alloyed iron, and the relatively 
shert soaking times utilized. 

The degree of shift due to conditioning in the pearlite and 
bainite start times can be read from Fig. 8A and 8B. These show 
the marked shift in the time-transformation curves as a result 
of conditioning, particularly by slow cooling from 1700 F. The 
data were not reported quantitatively, since they represent only 
“spot” determination. 

It would appear that our conditioning treatments approximate 
the “incubation” treatments proposed by Jaffee and Mr. Loria. 

Mr. Loria: Would the authors comment on the difference in 
ihe start of transformation curves when working with larger test 
samples? What effect would mass have on direct cooling trans- 
formation? The statement is made that the results are directly 
applicable to small castings but require alteration for large 
castings which cool slowly. How much shift in the start curves 
would there be in a commercial Ni-hard casting? In the case of 
(reheat) austenite transformation in certain, complex alloy 
steels, it has been mentioned that some times the bainite trans- 
formation in samples taken from large sections occurs more 
rapidly than in samples taken from a small casting. 

Mr. Rore: An attempt to evaluate the influence of mass on 
the transformation characteristics of the alloyed white iron was 
made when wedge castings were cooled slowly from 1700 F. It 
was felt that the conditions utilized, sand cast small section and 
contro! cooling rate at 60 F per hr from 1700 F, approximated 
the conditions encountered in large chilled castings. These 
solidify rapidly against the chillers, then cool slowly due to the 
retarding effect of the large mass of the interior. Under these 
conditions, the pearlite transformation is retarded in massive 
section and the bainite transformation is accelerated, as com- 
pared with smaller sections. 

The comparative transformation characteristics of reheated 
versus direct cooled specimens were not determined. However, 
it is likely that the results secured in slowly cooled (conditioned) 
specimens would approximate reheated specimens, since the slow 
cooling rate from 1700 F allowed an approach to equilibrium, 
such as would be achieved on reheating. 
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EFFECT OF SAND GRAIN DISTRIBUTION 
ON CASTING FINISH 


By 


H. H. Fairfield* and James MacConachie** 


ABSTRACT 


Six different types of sand grain distribution patterns were 
produced by blending screened silica sands. Bronze iest cast- 
ings were cast in these sands. A precision laboratory molding 
machine was used. Molds were made with different degrees of 
ramming. 

The surface smoothness of the castings was measured using 
Hobman’s method; that is, profile measurements were made with 
a surface gage using a needle-tipped dial indicator. 

Test results indicated the effect of average grain size and the 
effect of permeability on casting smoothness. The true flow- 
ability of the different sands was also indicated. 


Introduction 


IN ORDER TO CONDUCT RESEARCH on Casting fin- 
ish, it is necessary to use special molding techniques, 
and to have a method of measuring surface smooth- 
ness. The writers! described a precision molding 
machine and its accessories. With this machine test 
molds could be produced free from the effects of vari- 
ables encountered in ordinary molding operations. 
The test casting used in this work is shown in Fig. 1. 

The smoothness values reported in this paper were 
obtained by using Hobman’s? method for measuring 
casting surface smoothness. A needle-tipped dial in- 
dicator is used to measure the hills and hollows of 
the surface. A set of 25 evenly spaced test readings is 
made. The standard deviation of these readings gives 
a good index of the casting finish. 

A set of washed and dried sands was obtained from 
a sand producer. These sands ranged from coarse to 
fine. All sands were of the same composition and 
general shape. Mixtures were compounded from 
these samples, 5 per cent Western bentonite was 
added for bond, water was adjusted to temper. Thus 
all variables except grain distribution were controlled. 


Materials 


The special samples of graded sands used in this 
work were supplied by R. A. Woods.+ The sampies 
were compounded into six different mixtures as shown 
in Table 1. 





* Chief Metallurgist and ** Sand Supervisor, respectively, 
William Kennedy & Sons, Owen Sound, Ontario, Canada. 
+ Sales Engineer, Geo. F. Pettinos Co. of Canada Ltd. 
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Fig. 1—Test casting as removed from the mold. 


TABLE 1—SAND MIXTURES 








Type of Sand Mix Numbers 

1 2 8 4 5 6 
No. 25W&D 20 6 
No. 40 W&D 20 6 78 
No. 57 W&D 50 3314 20 12 
No. 70 W & D 50 50 3314 20 18 ll 
No. 100 W & D 50 
No. 1ll W& D 3314 20 580 11 





Each sand mixture contained 5 per cent Western 
bentonite, and was tempered to optimum temper as 
judged by “feel.” The properties of the sand mixtures 
are given in Tables 2 and 3. 











TABLE 2—SCREEN TFSTs 








US. Mix Numbers 
Screen No. 1 2 3 4 5 6 
20 me cn 0.1 0.6 0.5 0.1 
30 0.1 0.4 15 5.6 2.6 1.3 
40 0.1 4.2 1.9 13.3 5.2 26.9 
50 0.6 11.0 10.0 14.1 6.9 27.0 
70 14.6 18.4 23.8 16.2 12.9 14.4 
100 61.5 18.8 28.2 18.2 19.4 10.0 
140 15.5 21.2 16.7 13.8 22.6 8.0 
200 1.6 15.2 9.6 9.6 17.1 5.1 
270 0.7 3.8 1.2 1.0 4.0 1.2 
Pan 0.6 1.4 0.9 0.9 2.0 0.6 
A.F.S. Clay 4.8 5.6 6.0 6.6 6.8 5.0 





TABLE 3—MOLDING PROPERTIES AND Hot STRENGTH 











Property Mix Numbers 
1 2 3 4 5 6 
Moisure,% |||. 28 «26 «25 27 34 23 


Green permeability 126 80 90 102 75 163 
Green compressive 


strength, psi 5.3 8.6 8.1 84 11.0 8.1 
Green deformation 

in./in. 034 046 027 .022 016 .0145 
Flowability, 

Dietert No. 83 83 82 80 82 80 
Weight of A.F.S. 

specimen, gm 150 155 154 162 158 163 
Dry compressive 

strength, psi 60 75 83 93.5 117 86 


Hot compressive 
strength, 500 F, 
psi (12 min) 55 

Hot compressive 
strength, 1000 F, 
psi (12 min) 


~I 
i) 
~~! 
ve 


110 122 82 


64 90 83 122 137 120 





Equipment 


A hand-operated molding machine was used. A 
metal pattern was used for the drag mold for the cast- 
ing shown on Fig. | Figure 2 shows the flask filling 
device mounted over tne drag mold. This equipment 
has been described in detail in A.F.S. TRANSACTIONS.’ 

The vertical side of the test casting was used for 
surface measurement. A dial indicator with a needle 





Fig. 2—Hand-operated jolt molding machine. Drag 
pattern is mounted on plate at right. 


CASTING SURFACE FINIsi 


point was used to record the profile of the casting 
surface. 


Method 


Experimental procedure was as follows:— 
1. Clean off pattern. 

2. Position molding flask. 

3. Position flask extension. 

4. Fill flask by rubbing sand through sieve. 
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Fig. 3—Sand grain size distribution patterns for Mix 
No. 1, 3 and 4. 
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Fig. 4—Sand grain size distribution patterns for Mix 
No. 5 and 6. 
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Fig. 5—Sand grain size distribution pattern for Mix 
No. 2. 
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Jolt table required number of times. 
Remove flask extension. 
Strike off, place bottom board. 
Lift off mold, roll over. 
. Set gate core. 
10. Put cope on. 
11. Pour casting with 85-5-5-5 bronze at 2100 F. 
12. Shake out, clean with a wire brush, cut off gate 
and head. 
13. Measure profile of surface with needle tipped 
dial indicator. 
14. Determine standard deviation of 25 readings. 
15. Express finish as standard deviation in units 
of Yooo in. 


OWN 


Test Results 


The six sand mixtures used in this report were 
tested by A. E. Murton at the Canadian Bureau of 
Mines. Test results are given in Tables 2 and 3. Re- 
sults of surface finish readings are shown in Table 4. 


TABLE 4—SURFACE SMOCTHNESS, STANDARD DEVIATION 
FROM TRUE SURFACE IN UNITs OF 0.001 IN. 





Mix Numbers 





Number of jolts l 2 3 4 5 6 
8 56 445 41 97 «205 126 
16 305 175 25 $6 23 14.06 
24 2.3 20: «(0619)6«CU 18 hOB Cé«dSTT 
32 2.5 2.4 2.5 2.2 1.6 7.0 
Discussion 


Figures 3, 4 and 5 show the distribution patterns of 
the six sands. Sands 1, 3 and 4 show peaked, normal, 
and broad distribution. Sands 6 and 5 show right 
and left-handed distributions (nonsymmetrical). 

Figure 6 shows the relationship between perme- 
ability and the smoothness of castings jolted 8 times. 
The effect of grain size on finish is shown in Fig. 7. 
It is apparent that fine sand grains and low perme- 
ability coincide with smooth finish. 

It is assumed that true flowability of a sand is a 
measure of the relative amount of work necessary to 
compact the sand to a point where optimum finish is 
obtained. Table 5 and Fig. 8 show the true flowabil- 
ity of the six sands used. Sand No. 5 had the best 
flowability because it gave a smooth finish with only 
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Fig. 6—Curve showing relationship between perme- 
ability and casting finish. 















TABLE 5 
Sand No. Number of jolts required AFS. 

to get optimum smoothness Tlowability value 
Woe 24 ‘ : ee 
2 16 83 
3 24 82 
4 24 80 
5 8 82 
6 32 80 





TABLE 6—METHOD FOR CALCULATING SURFACE 
SMOOTHNESS 





Values in left hand column are dial indicator readings. 











M 2asurement Measurement 
a oy, aeeres Gis ky 

8.1 65.61 

7.3 53.29 

9.6 92.16 

8.3 68.89 

9.0 81.00 

9.2 84.64 

9.0 81.00 

9.1 82.81 

7.5 56.25 

13.7 187.69 
10.9 118.81 

7.8 60.84 

8.5 72.25 

9.0 81.00 

10.5 110.25 
14.0 196.00 
17.7 313.29 

7.5 56.25 

10.6 112.36 
10.0 100.00 

7.5 56.25 

13.5 182.25 

8.5 72.25 

10.0 100.00 
246.2 2573.50 

246.2 
Average surface is = 9.848 
25 


Unit = 0.001 in. 
Standard Deviation = R.M.S. = g 











| 2573.50 _ (262 ip se 
- =\ 2 2 = 2.43 


That is, the standard deviation of the hills and valleys 
from level is 0.00243 in. 





8 jolts. Sands 1 and 3 had the poorest flowability 
because with each it took 32 jolts to obtain a mold 
which resulted in the smoothest finish. The method 
of preparing test specimens and measuring finish ac- 
tually is a precise true flowability test. The Dietert 
flowability test does not indicate any appreciable 
difference between the six sands tested. It is recom- 
mended that further work be done to develop an im- 
proved flowability test procedure. 

The figures and table showing the effect of the 
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number of jolts on casting finish indicate that if the 
optimum number of jolts is exceeded, the finish may 
become rougher. Sand No. 3 had a 1.75 finish after 16 
jolts; this changed to 2.4 after 32 jolts. 

Table 3 shows how green, dry, and hot properties 
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Fig. 7—Curve showing relationship between sand 
grain size and casting finish. 
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Fig. 8—Curves showing relationship between number 
cf jolts and resulting casting finish using sand Mix 
No. 5 and 6. 
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Fig. 9—Curves showing relationship between number 
of jolts and resulting casting finish using sand Mix 
No. 1, 2, 3 and 4. 














Fig. 10—Flask filler in position over molding machine. 


of sand are altered by changes in the distribution pat- 
tern. Sand No. | has the lowest green, dry, and hot 
strength. It is evident that 200, 270 mesh and pan 
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material increase green, dry, and hot strength, also 
they improve finish and flowability. 

There is a definite limit to the amount of fine silica 
material that can be added to a sand to improve fin- 
ish. If the hot strength is increased beyond a certain 
point, rat-tails and scabs may occur on the castings. 
This finding was reported by the _A.F.S. Committee 
on the Properties of Gray Iron Sands at Elevated 
Temperatures. 

Further work on casting finish should be done to 
evaluate materials that can be added to molding sand 
to improve finish. 


Conclusions 


1. In these tests the sand with the lowest perme- 
ability and highest grain fineness produced the best 
finish. 

2. Peaked or normal grain distributions did not 
have the best flowability. A sand with a nonsymmet- 
rical, broad distribution had the best flowability. 

3. The Dietert flowability test did not indicate the 
true flowability of the sands tested. It is recommended 
that further work be done to develop a more suitable 
flowability test. 

4. There is evidence to show that if a sand is jolted 
too much, the casting finish is made rougher. 
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APPENDIX 


Some further details of the molding machine are 
shown in Fig. 10. The mold is filled by riddling sand 
through the sieve into the hopper. The pattern plate 
is mounted on a hinged frame-work. To jolt the mold, 
the pattern is raised 114 in. and dropped on the 
bumping block. 

Figure 11 shows other equipment used with the 
molding machine. 

Table 6 shows how the surface finish value is cal- 
culated. Twenty-five measurements are taken with a 
needle-tipped dial indicator. 


DISCUSSION 


Chairman: J. B. Catne, Foundry Consultant, Wyoming, Ohio. 

Co-Chairman: R. H. Jacosy, The Key Co, E. St. Louis, Il. 

H. W. Dierert:' We agree with the authors that more work 
must be done on casting finish and flowability and ramability of 
casting sands. I wish the authors had shown a measure of the 
green hardness of the molds. It would be helpful if we had those 
figures. 

I do not agree with the figures on flowability in Table 3. My 
experience leads me to believe that these figures on flowability 
are in error. Here we have changed the green compressive 
strength from 5.3 psi to 11 psi in all sands. And we have 
changed grain deformation from about 0.014 in. per in. to 0.046 
in. per in. The range of sand toughness is from 117 to 395. 
When you change that much in green compressive strength, 
green deformation, and in the toughness of the sand, the flow- 
ability indicator would range from possibly 75 to 85. The 
authors show a range from 80 to 83. These values cannot be 
correct. 

Mr. FAIRFIELD: Our previous paper, “Casting Surface Finish” 


1 President, Harry W. Dietert Co., Detroit. 









Fig. 11—Left to right; cope flask, drag flask extension, 
drag flask, core box for gate core, and pattern for cope. 


which is published in A.F.S. TRANsAcTioNs, vol. 57, p. 521 (1949) 
shows the relationship between mold hardness and casting finish. 
The flowability tests were conducted by A. E. Murton of the 
Bureau of Mines and Technical Surveys, Ottawa, Canada. 

A. E. Murton:* Unfortunately there was not sufficient sample 
left to check the test results. We agree with Mr. Dietert that the 
Hhowability values seem rather high for the recorded toughness 
values. However, we believe that if this is an indication that the 
results are in error, the fault is more likely to lie with the tough- 
ness values than with the measurement of flowability. 

We have had considerable difficulty at our laboratory in get- 
ing what we consider to be significant deformation tests with 
certain types of sand. We attribute this to the fact that with 
these sands slight changes in tempering moisture have a great 
influence on the type of failure which is obtained. Because of 
the rapidity with which the sand is deforming at the instant of 
failure, slight differences in the type of failure obtained will 
result in great differences in the deformation reading. We believe 
that in such cases the so-called toughness value is extremely diffi- 
cult to interpret. 

The following measurements are typical of those obtained at 
these laboratories. These tests were made on a fine-grained syn- 
thetic sand, containing 7 per cent Western bentonite, tempered 
to different moisture contents. Results are shown in quv«:‘rupli- 
cate to indicate the reproducibility. 





Green Green 
Compressive Deformation, 

Moisture, Strength, in. Flowability 
per cent psi per in. Toughness Dietert No. 
3.4 9.5 0.0115 109 79 

9.7 0.0115 lil 78 
9.4 0.0345 324 78 
9.5 0.0125 119 78.5 
5.8 7.7 0.026 200 75.5 
7.6 0.025 190 74.5 
7.4 0.0265 196 74.5 
7.6 0.026 197 75 
7.0 7.2 0.0245 177 77 
7.3 0.026 190 76.5 
7.2 0.025 180 78 
7.2 0.026 187 76 








At the instant before the failure of the above specimens the 
deformation readings were between 0.005 and 0.012. It is evi- 
dent, therefore, that most of the deformation recorded by the 
deformation indicator had taken place at the instant before 
failure. 

We believe that Mr. Dietert has introduced a worthwhile 
modification of his deformation test in his proposed “yield load 
limit.” For this test the strength-deformation recorder attach- 
ment for the Universal sand strength machine is required. The 
point where the stress ceased to be proportional to the strain ts 
recorded as the yield load limit. For those sands which do not 
have a definite yield load limit a factor analogous to the 0.2 per 
cent proof stress used in testing metals might prove to be of 
practical value. Certainly there would appear to be more hope 
of obtaining significant measurements of deformation before the 





® Metallurgist, Department of Mines & Technical Surveys, Physical Metal- 


lurgy Division, Ottawa, Canada. 
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specimen breaks than there is in the measurement of the de- 
formation at the instant of failure of the sand specimen. 

E. E. WooputrF: * Did the authors record density? There cer- 
tainly must be a wide differential, and if there was, did it show 
anything in relationship to finish? I have always felt that finish 
had a great deal to do with ram density or bulk density. 

Mr. FairFieLp: If we assume that mold hardness is related to 
density then it is apparent that with a mold hardness of 40, a 
smooth casting results when sand is riddled. Lumpy sand 
rammed to a mold hardness of 40 resulted in a rough casting. 
The riddled sand has a better flowability than does the lumpy 
sand. 

{ would say from our findings that surface finish is affected by 
the way you put the sand into the mold, how much compacting 
effort you put on the sand, and moisture content. Then proper- 
ties of screen distribution come into the picture. 

Mr. Wooo.irF: It would have been interesting to compare 
the sands by a study of density. 

Mr. FAIRFIELD: If you ram a sand hard enough you will prob- 
ably reach a point where the finish is dependent upon density. 
The finish obtained from a soft rammed mold is more dependent 
upon flowability. 

Mr. Woop.irF: You have listed hardnesses up to 50. Would 
you allow a 60 mold hardness to prevail in your shop? 


% Consultant, Foundry Sand Service Engineering Co., Detroit. 
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Mr. FAirFIELD: On light bronze work yes, but not on gr. 
iron and steel. 

Mr. Dierert: I am interested in the statement that you cai 
over-ram sand with 16 jolts, for example. In Fig. 9, Sand No. 2 
imparted a poor finish when the sand received more than |: 
jolts. Was the flask bolted down to the jolt molding machine | 
avoid whipping of the sand? That may account for the loss « 
surface finish. Does the author have an explanation for thi 
How hard was the mold? 

Mr. FarrFieLp: When we first designed this molding machi 
we did get some whipping action of the flask. That is why w 
raised it only 114 in. to jolt. You will note that flask has doubl: 
lugs and the pin fits very close. Hence, the overramming is du 
to the increase in mold gas pressure as your sand packed mor 
tightly. You get the same effect as you do with an increase’ 
moisture content. 

Mr. Dierert: Mr. Fairfield stated that the increase in rough 
ness was due to gas pressure. The permeabilities of the sand 
used ranged from 75 to 126. This is an exceedingly high pet 
meability for the small test casting. So, one would not expect 
gas pressure difficulties from hard ramming of the sand. What 
appears to be the case is insufficient sand between the pattern 
and flask wall. The flask being of solid wall should aggravatc 
this apparent poor rigging. Thus, the increase of roughness ob 
tained on hard ramming may not be due to the sand primarily 
but due to nature of the rigging. 





WHAT THE COLLEGE GRADUATE CAN DO FOR THE 
AMERICAN FOUNDRYMAN 


By 


Clement J. Freund* 


CAN THE COLLEGES OF ENGINEERING do any real 
good for the American foundry industry? Let us look 
at the state of technology in the castings industry; 
because technology and the colleges of engineering 
are very closely interrelated. 

We certainly should commend American foundry- 
men for the notable technical advancement they have 
made, especially in the past 25 years. We must con- 
gratulate our Society because it is the strong men in 
the American Foundrymen’s Society who have been 
the leaders in this technical advancement. 

Some foundrymen can remember when making 
castings was largely a craft or manual skill. The chem- 
ist was the first technologist who came into the 
foundries. Usually he had no authority. He analyzed 
and reported on the ingredients of melts and scrap, 
and if he ever ventured an opinion on any general 
operating question, he was quickly and sharply told 
that he was not in charge of the business. 

The metallurgist came a few years after the chem- 
ist, and then followed chemical, electrical, mechanical, 
industrial, ceramic and even ventilating engineers, 
experts in materials handling, sand control, metal- 
lography and x-ray technicians, and others. 

Today the smart foundryman depends largely upon 
exact and experimental data, which he has substi- 
tuted for opinion and guesswork. 

But in spite of the progress which has been made, 
our industry still has a very long way to go, and it 
will be many long years before foundry technology 
can compare with the technology of the chemical in- 
dustries, for instance, or the aircraft industry, or te 
communications and electronics industries. 

American foundrymen have had the help of engi 
neering college professors and graduates in the past, 
and if they expect to accelerate the progress of their 
technology, they will have to have still more help 
from the professors and graduates from now on. This 
is basic; there can be no first-class foundry technology 
without the colleges of engineering. 


* Dean, College of Engineering, University of Detroit, Detroit. 
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Confusion About College Aims 


So much for foundries and foundrymen, at least 
for the present. Now let us look at the colleges of 
engineering. 

There is confusion and misunderstanding about the 
job the colleges should do, about their objectives or 
function. You can hardly expect the rank and file of 
the citizens, the public, fully to understand the col- 
leges and their work. But college presidents and deans 
sometimes have been equally befuddled. Indeed, the 
assignment of this talk has done me a good turn. It 
has forced me to go carefully into the philosophy of 
engineering college education, with the result that | 
am somewhat less perplexed than I had been. 

I assume that we are not talking about the profes- 
sional and graduate schools in the universities, and it 
is clear that we are not talking about trade or voca- 
tional schools. We are taiking about colleges, and 
when we Americans talk about colleges we mean a 
four-year program of. study following immediately 
upon graduation from high school or preparatory 
school, and leading to the first or bachelor’s degree. 

Possibly we can most easily clarify the job which the 
colleges can do for the foundry industry if we com- 
pare the colleges with the other types of schools. 


Trade Schools 


The freckled lad, with a shining new tool box 
under his arm, who comes into your shop after gradu- 
ating from a trade school is a molder or coremaker, 
and he should be ready to do useful work right away. 
Of course, you have to give him simple tasks, ordin- 
ary cope and drag jobs on the floor, to be made from 
plain patterns, and without complicated parting lines 
or difficult core structures. 

He has much to learn, he needs judgment and ex- 
perience; but he is already competent, in the sense 
that he possesses the fundamental knowledge and 
skill of his craft. 


Vocational School 


The young man who comes into your plant from 
the vocational school is not yet competent or skilled, 
if I properly understand the purpose of the vocationa! 














530 


schools. He has had exercises in the school shop, but 
not enough to make him a qualified melter or molder. 
The purpose of the vocational school is to discover if 
the young man has any interest in or aptitude for a 
foundry career. He is ready to become an apprentice, 
or to begin whatever training program you have estab- 
lished in your work. 

Or it may be that he does not care for any kind of 
formal training; many boys do not. In that case he 
should be an especially apt candidate for learning 
the operation of your molding machine, slingers, core- 
making machines, ovens and other mechanical equip- 
ment. 

Univeisity 

Now let us jump over the college, for the time 
being, and consider the graduate schools in the uni- 
versities. 

The young men who come into our industry from 
the graduate schools have completed programs of ad- 
vanced study after graduating from college. They 
are scholarly men, with master’s or doctor’s degrees. 
You many laugh at them, and call them long-haired 
theorists and dreamers, but do not forget that these 
men, and only these men, have created and have full 
charge of our immense system of engineering science 
and research; and without engineering science and 
research our industries and our economy would soon 
collapse. 

These men are experts in chemistry, in metallurgy, 
in combustion, in ceramics. They can do your crea- 
tive and projective work for you, your research, but 
do not expect them to take much interest in your 
routine testing and operating problems. 


College 


This brings us, finally, to the technical college 
graduate. He may come to you from a college of 
engineering or technology within a university, or from 
an independent institution. He has a bachelor’s de- 
gree in engineering or in chemistry or in metallurgy, 
but he does not pretend to be a good molder, melter 
or salesman. 

He may know how to use instruments, to make 
drawings and to operate machines and apparatus, and 
he may even be familiar with foundry terminology, 
but learning these things has not been his principal 
business in college. 

This brings us right up to the most fundamental 
idea in this whole discussion. What, then, is the 
principal business of the college student? His prin- 
cipal business in college is to understand the elements 
of chemistry, physics and mathematics, and the engi- 
neering techniques which are the basis of your melt- 
ing and molding operations. It is his business to 
study our society, or at least the organization of in- 
dustry and the part industry plays in our society; it 
is his business to learn how to think. 

The college graduate is ready to learn any phase of 
your business in which men have to think: chemistry, 
engineering, metallurgy, supervision, sales, manage- 
ment. He still needs apprenticeship or training in 
the details of foundry practice, but he will learn re- 
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markably fast if you have carefully selected him and 
if your training is first rate. 

If your college graduate is above average in ability, 
and is interested in the foundry, but makes no pro- 
gress under training, don’t blame the boy. Sit down 
and go all over your training plan to find out what is 
wrong with it. Some years ago I was engaged in ap- 
prenticeship work under that master of training, Har- 
old Falk. We had hired from one of the colleges a 
young man of outstanding talent, but after half a 
year of supervised work the lad had got nowhere. | 
reported the circumstances to Mr. Falk, and he com. 
mented, “If that young man is making no progress, we 
had better look into our training operations; it is my 
guess they can stand some revamping.” 


West Point; Annapolis 


By way of analogy, I should like to refer to the 
United States Military and Naval Academies. Dur- 
ing the past two years I have done a little consulting 
work in the two institutions, and happen to be reason- 
ably familiar with their curricula and instruction. 
They are distinctly collegiate in their organization 
and function. 

I imagine that most people would be surprised to 
know that the primary purpose of the service acade- 
mies is not to train army and navy officers. Although 
the cadets and midshipmen receive commissions upon 
graduation, these commissions are of secondary im- 
portance. The primary purpose of the academies is 
to educate young men to be useful and loyal citizens, 
and to give them such schooling that they shall after- 
wards be able, in the regiments and on shipboard, 
quickly to become fully competent officers. 


Similarly, the primary purpose of the colleges of 
engineering and technology is to prepare for industry 
young men who have what we ordinarily call brains, 
and who will learn your business faster than you ever 
expect, if you give them half a chance. 


A. S. E. E. 


The American Society for Engineering Education, 
formerly the Society for the Promotion of Engineer- 
ing Education, has been the most diligent and in- 
fluential custodian of the objectives, the procedures 
and the over-all philosophy of engineering education. 
What there has been of consistency and coherence in 
engineering education has derived largely, although 
not exclusively, from the Society. 

Most of tne members of the Society, as you may 
imagine, are presidents, deans and professors in the 
colleges of engineering. But hundreds of members 
are engineering employers. Nationally-known corpor- 
ations are especially well represented, such as Gen- 
eral Electric, Westinghouse, Allis‘Chalmers, DuPont, 
Bell Telephone, General Motors, Chrysler and the 
like. 

Some of you may wish to investigate more thor- 
oughly the objectives, methods and organization of 
engineering college education. If so, I strongly recom- 
mend that you read the reports of this Society on 
Engineering Education After the War, issued in 1944; 
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on Aims and Scope of Engineering Curricula, of 1940; 
or even the Report on the Investigation of Engineer- 
ing Education, published in 1934. 


Foundry Industry in A. S. E. E. 


Civil engineers, mechanical engineers, electrical 
engineers, chemical engineers and every other kind of 
engineers have had much to say in the affairs of the 
American Society for the Promotion of Engineering 
Education, but our American foundrymen remained 
aloof until seven or eight years ago. 

The Foundry Educational Foundation will doubt- 
less still further improve the association between the 
foundry industry and engineering education. During 
the past two or three years Geo. K. Dreher has taken 
an exceedingly active and intelligent part in the un- 
dertakings and projects of the engineering education 
Society. 

Orientation and Training 


Now you will ask, what are you going to do with 
the lad who comes from college into your plant? He 
has been conditioned; he knows something about 
science and about engineering; he knows something 
about our mode of life; he should be able to express 
himself, and he ought to know how to think. But he 
is not a foundryman, not yet. 

The thing to do is to train him, to give him some 
experience, to break him in. He has to learn the 
practical side of the foundry business. Employers like 
to say that the college boy has to have experience, 
but sometimes those same employers forget that there 
is no place on earth where the boy can get foundry 
experience except in the foundrymen’s own foundries. 

I can tell you one good way not to train the young 
man, and that is to give him a shovel, show him a 
pile of sand and forget about him. A few old foundry- 
men seem to be still surviving who get vindictive and 
ugly satisfaction out of inflicting unnecessary com- 
mon labor upon the present generation of young men. 
“It’s the way I learned,” growls the old foundryman. 
“And it’s the way he'll have to learn.” 

The hard labor method is the best possible way to 
drive the talented young men out of the foundries; 
only the stupid boys will put up with it. The hard 
labor method has long since been discarded in every 
other industry. Does the veteran garage owner take 
the self starters out of all the cars and make his mech- 
anics crank the engines by hand just because he had 
to when he was young? What is the good of mechan- 
ical progress if we do not take advantage of it? 
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The best way to break in the college graduate is to 
give him tasks and assignments which will challenge 
his mind and his resources. If you do not keep his 
mind busy he will not stay with you. Make him rea- 
son out and report to you why you do things the way 
you do them; why you anneal this casting and not 
that one; why you tumble these jobs and blast those; 
why you stir molybdenum into this melt and not into 
that one. 

Unless you have already done so, why not set up 
for your college graduates a formal, supervised course, 
like the two-year college apprenticeships which have 
been so notably successful in such organizations as 
the Westinghouse Electric Corporation, the Falk Cor- 
poration, the General Electric Company and others? 

I suggest that you lay out on paper the schedule of 
operations and departments for the apprenticeship 
and give the boys a copy. Personally, I have always 
been much in favor of the regular apprenticeship con- 
tracts. They inspire confidence in the young men, 
and they impose upon them, and upon you, a sense 
of responsibility. 

If yours is a large organization, with a smoothly 
running personnel department to handle the training, 
well and good. But do not let anybody tell you that 
you have to have a fancy organization to make train- 
ing work. You can just as easily design a work plan 
for two or three young men and supervise their train- 
ing yourself. It will take very little time. All you 
need do is to get to know the boys well, take a per- 
sonal interest in them, and see to it that their experi- 
ence proceeds according to schedule. 


Conclusion 


And what will you gain if you hire a few graduates 
from the colleges, take them into your plant and 
teach them your business? 

For one thing, before you know it, one of these 
boys will have grown big enough to take over a part 
of the constantly growing responsibility of running 
your affairs; you will have a chance to relax, for the 
first time in your life. 

And you will have a hand in promoting the tech- 
nological advancement of our industry. The chemical, 
electrical, utility, automobile, radio, aircraft and 
other industries have accomplished wonders by smart 
recruiting and orientation of engineering college 
graduates. 

There is not a single reason that I can think of why 
the foundrymen of the United States should not do 
at least as well. 








A CASTABILITY AND PROPERTY COMPARISON OF SEVERAL 
MAGNESIUM - RARE EARTH SAND CASTING ALLOYS* 


K. E. Nelson** and F. P. Strieter** 


Introduction 


DEVELOPMENT OF THE NEWER, jet-type aircraft 
engines has required the use of improved magnesium 
alloys for many of their parts. The higher operating 
temperatures of these engines has necessitated develop- 
ment of alloys possessing better tensile and creep prop- 
erties at temperatures in the neighborhood of 400 F. 
Magnesium alloys containing rare earths possess good 
properties at this temperature. They have been 
described previously in the literature as pointed out 
by Nelson and Strieter.! It has been only in the last 
few years that active design and production interest 
has developed for this group of alloys. 

A paper published by Leontis? shows the manner 
in which the properties of this type of alloy are af- 
fected by the composition of the rare earth mixture. 
Meier and Martinson® report their results on the 
properties of magnesium-rare earth alloys, and Nelson 
and Strieter! describe their experience with a mag- 
nesium-rare earth-zirconium alloy composition. 

Grube and Eastwood‘ have described an alloy con- 
taining magnesium, rare earths, manganese, nickel, 
and tungsten in which the creep strength is reported 
to be superior to the other alloys of this group. Ball® 
indicates that his choice of alloy is one containing 
magnesium, rare earths, zinc, and zirconium. 

It was the purpose of this work to investigate the 
castability and the tensile and creep properties of 
actual aircraft engine castings made from a group of 
alloys representing, essentially, the choices of all of 
the above studies. It was believed that only after a 
study of this type could an intelligent decision be 
made as to the composition exhibiting the optimum 
combination of casting qualities and mechanical 
properties. 

Accordingly it was decided that this work should 


*This work was made possible in part through the support 
of the Materials Branch, Airborne Equipment Division, Bureau 
of Aeronautics. U. S. Navy Department, Contract No. NO, (S) 
10576. 


**Magnesium Laboratories, The Dow Chemical Co., Midland, 
Mich. 





compare the following alloy compositions listed by 
their proposed ASTM alloy designations: 
EK30A-T6 Magnesium-3% Rare Earth-0.25% Zir- 
conium 
EK30B-T6 Magnesium-3% Low Cerium Rare 
Earth-0.25% Zirconium 
EK31A-T6 Magnesium-3% Rare Earth-0.6% Zircon- 
ium 
EZ33A-T5 Magnesium-3% Rare Earth-3% Zinc-0.7 
% Zirconium 
EM61B-T6 Magnesium-6% Rare Earth-0.8% Man- 
ganese-0.2% Nickel-0.02% Tungsten 
The critical properties of present jet engine cast- 
ings for applications involving magnesium seem to be 
static tensile properties at temperatures ranging from 
70 F to approximately 400 F and creep properties at 
the operating temperatures of near 400 F. It was be- 
lieved that a determination of these properties would 
best compare the serviceability of the various alloys. 
It was further believed that in case two or more of 
the alloys possess equivalent serviceability properties, 
then the choice of alloys might rest upon the castabil- 
ity characteristics exhibited by them. The term cast- 
ability as used in this paper refers to the ability of an 
alloy to satisfactorily fill a sand mold and to form a 
casting relatively free of deleterious defects. 


Procedure 


In order to obtain results which would be as nearly 
representative of production conditions as possible 
two castings of each of four patterns were cast mak- 
ing a total of eight castings in each alloy. In the case 
of one of these patterns three castings were poured in 
EM61B alloy for a total of nine castings in this com- 
position. In addition to these castings, separately cast 
l4-in. diam standard tensile bars and a 4-in. cube to 
obtain grain size determinations were cast from each 
melt. The grain sizes were determined by the com- 
parison method described by George.* Several melts 
were required to make these castings in each alloy. 
The castings were then inspected for the usual found- 
ry defects. They were heat treated along with the 
separately cast test bars according to the schedule 
shown in Table 1. After heat treatment, each cast- 
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TABLE 1—HEAT TREATMENT OF VARIOUS MAGNESIUM- 
RARE EARTH ALLOYS 


Heat Treatment 


Alloy Designation 


18 hr at 1050 F, air cool to room tempera 
ture, 16 hr at 400 F 

18 hr at 1050 F, air cool to room tempera 
ture, 16 hr at 400 F 

18 hr at 1050 F, air cool to room tempera 
ture, 16 hr at 400 F 

12 hr at 350 F 

24 hr at 1015 F, air cool to recom tempera 


ture, 16 hr at 400 F 


EK30A-T6 
EK30B-T6 
EK31A-T6 


FZ33A-T5 
EM61B-T6 


ing was sectioned in order to obtain a complete pic- 
ture within each casting of the tensile properties at 
room temperature, 400 F, and 600 F, and the creep 
strength at both 400 F and 600 F. Bars were taken for 
each test as uniformly as possible from both thick and 
thin sections of the casting. Figure 1 shows the cast- 
ings used in this program. 

The alloys were made, in general, by the customary 
crucible practice as described by Nelson.? Some spe- 
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cial techniques not described by him were required 
in order to obtain improved alloying efficiencies for 
rare-earth metal additions and to obtain the desired 
zirconium level in the melts. 

In producing all of the alloys the flux used for pro- 
tection from oxidation during melting and handling 
was Dow No. 220 flux. A layer of fluorspar approxi- 
mately 14 in. thick was applied to the surface of the 
melt after it had been refined with the above flux. 
The pouring temperature of a given casting was the 
same for each composition and was the one used by 
the foundry in pouring EK30A alloy production cast- 
ings. Likewise the gating and risering used was that 
previously developed for EK30A alloy. 

One part of E10 alloy ingot (magnesium-10 per cent 
rare earth) and two parts of KO ingot (magnesium-0.5 
per cent zirconium minimum) were used in making 
EK30A alloy. The E10 alloy was produced with a low 
iron content. The EK30B alloy was produced in a 
manner similar to EK30A, except that in this case a 
special composition of Mischmetal low in cerium was 
used as the rare earth addition. Table 2 presents typi- 
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Fig. 1—Castings sectioned for property evaluation. 
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TaBLE 2—TypicaAL ANALYSIS OF RARE EARTHS USED IN 
Tuis INVESTIGATION 











Other Rare Earths 
Rare Earth Ce La Nd Pr and Impurities 
Mischmetal 50.5 22.5 18 6.5 2.5 
Low Cerium 
Mischmetal 3.5 43 38 «414 15 





cal analyses of both the commercial Mischmetal and 
low cerium Mischmetal used for the rare earth addi- 
tions in this study. The level of zirconium in EK31A 
is near the solubility limit and requires a different 
alloying procedure from that used on EK30A alloy. 
A zirconium hardener was added to EK30A alloy, 
satisfactorily producing the higher zirconium content 
required in EK31A alloy. 

Another form of zirconium, available at the time 
only in experimental quantities was a_ zirconium 
sponge made by the U. S. Bureau of Mines at Albany, 
Oregon. This material is generally regarded as a 
pure form of zirconium. Satisfactory zirconium al- 
loying efficiencies were obtained using this material. 
The sponge zirconium was used as a “sweetening” 
agent. It was added to EK30A alloy along with 3 per 
cent zinc to produce the EZ33A alloy. Some of the 
zirconium-containing alloy melts were prepared partly 
of scrap from previous melts of same composition. 

EM61B alloy was produced using cell magnesium, 
M1 alloy ingot (1.2 per cent minimum manganese) 
for the introduction of manganese, commercial Misch- 
metal, and a 90 per cent nickel-10 per cent tungsten 
hardener. The nickel-tungsten was obtained from Bat- 
telle Memorial Institute. A similar hardener was 
used by them in their investigation of this alloy.4 
The addition of nickel-tungsten resulted in a 100 per 
cent recovery of nickel but little, if any, recovery of 
tungsten. The cell magnesium and M1 alloy, in the 
correct proportions, were melted and heated to 1550 
to 1675 F. The nickel-tungsten hardener was then 
washed into the melt. The melt was cooled to 1450 
to 1500 F and the rare earth alloyed. After refining 
and settling the melt was brought to temperature and 
poured. As much as 30 per cent process scrap was 
used in some of these melts. 


Analysis of Melt 


Each melt was analyzed for the major constituents 
and also for minor impurities. The total rare earth 
content, listed as T.R.E. in Table 4, the zirconium, 
zinc, and tungsten were all analyzed by wet chemical 
methods. The manganese, nickel, and the usual im- 
purities including iron were analyzed for spectro- 
graphically. 

The heat treatment was carried out in production 
furnaces. The solution treatment used in the alloys 
was done under a protective atmosphere of greater 
than 1 per cent SO, gas. The precipitation treat- 
ment on all alloys was done in ordinary atmospheres. 

Following the heat treatment the castings were sec- 
tioned and the various pieces were machined to con- 
form, for the most part, to standard ASTM specified 
shapes for tensile testing. In the case of a few of the 
specimens it was not possible to machine standard 
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ASTM bars. In these cases the bars were machined to 
dimensions listed as acceptable to the ASTM. Speci- 
mens machined for creep testing were generally 0.505- 
in. diameter with a 2-in. gage lengsh. When this 
could not be done, the bars were ma_hined to a 1)- 
in. x 4-in. cross-section with a 2-in. gage length. 

The tension tests at room temperature were like- 
wise conducted according to ASTM standard pro- 
cedures. At the elevated temperatures the tensile 
tests were run on bars held only 10 min at tempera- 
ture rather than the 60-min holding period specified 
in the ASTM standards. The yield strengths were ob- 
tained by measuring the stress at which the auto- 
graphically obtained stress-strain curve deviates 0.2 
per cent from the modulus line. 

Creep tests were run’on the equipment and in the 
manner described by Moore and McDonald.® 

Hardness, when obtained, was measured on a Brin- 
ell hardness tester using a 10-mm ball with a 500-kg 
load applied for 30 sec. 


Castability Comparison 


An evaluation of the degree of castability of these 
various alloys is limited to the observations made dur- 
ing the pouring of the castings, and to the quality of 
these castings as shown by various inspection tech- 
niques. 

Table 3 lists these observations which were made 
on each casting. The pouring times required to fill 
the molds were measured in the expectation that this 
might show up gross differences in the ability of the 
alloy to fill the mold. The data in Table 3 indicate 
that no significant differences exist between these 
alloys. 

The pits observed in these magnesium rare earth 
castings are found on the cope surfaces of the cast- 
ings. It is felt that these pits are caused by turbulence 
of the metal stream. This cope pitting is less evident 
in EM61B alloy than in the other compositions. On 
the other hand, radiography of EM61B alloy castings 
shows similarly shaped voids to be present within the 
casting. 

None of these alloys appears to be as prone to mi- 
cro-shrinkage as the conventional Mg-Al-Zn alloy 
AZ63A. Radiographs of the castings indicate a greater 
amount of porosity in the EM61B alloy than in the 
other four alloys. This alloy appears to be more in 
the form of small entrapped air bubbles than in the 
form of shrinkage porosity. These voids are usually 
near the surface of the casting in EM61B alloy since 
the radiographs of test bars machined from these areas 
were, in nearly all cases, free of these voids. An ex- 
tremely coarse grain size and a large amount of mas- 
sive second phase material in this EM61B alloy in 
some instances creates a false impression of micro- 
shrinkage in many areas of the casting. The other al- 
loys exhibit in some cases a small amount of foreign 
dense inclusions presumed to be metallic zirconium. 

It can be concluded that EK30A, EK30B, EK31A, 
and EZ33A alloys are similar, as far as castability is 
concerned. EM61B alloy is somewhat inferior to the 
others on the basis of the increased number of voids 
which castings of this alloy possess. Possibly a modi- 
fication in the gating and/or xisering of the mold 
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TABLE 3—CASTABILITY COMPARISON OF SEVERAL MAGNESIUM-RARE.: EARTH ALLOYS 





Casting Quality 

















Casting Pouring Pouring 4 nae — 
Composition Number Temp., F Time, Min Visual Radiographic 
EK30A A-l 1500 0.35 Cope Pitting Good, Pits 
EK30A A-2 1500 0.29 ca 2 Ki 2 
EK30B A-l 1500 0.37 
EK30B A-2 1500 0.37 ‘ z 
EK31A A-1 1500 0.18 
EK31A 4-2 1500 0.18 
EZ33A A-1 1500 0.22 
EZ33A A-2 1500 0.22 Good, very small amount of fine poros- 
ity and a few pits. 
EM61B A-l 1500 0.44 Compound segregation. Pits, oxide in- 
clusions and coarse porosity. 
EM61B 4-2 1500 0.50 Less cope 4 . - 
pitting than 
above 
EM61B A-3 1500 0.25 = = 
EK30A B-1 1350 0.52 Cope Pitting Good, Pits 
EK30A B-2 1350 0.48 > . “i v4 
EK30B B-1 1350 0.35 ? " Pits, possibly very small amount of 
porosity. 
EK30B B-2 1350 0.35 ‘3 rs z= 
EK3I1A B-1 1350 0.63 Good, Pits 
EK31A B-2 1350 0.69 , wd 
EZ33A B-1 1350 0.67 Pits, some porosity. 
EZ33A B-2 1350 0.69 Pits, little porosity. 
EM61B B-1 1350 0.94 Less cope Pits, coarse porosity and compound 
pitting than segregation. 
above 
EM61B B-2 1350 0.77 ” ” 7 
EK30A C-1 1500 0.73 OK Good 
EK30A C-2 1500 0.65 - » 
EK30B C-1 1500 iste OK ae 
EK30B C-2 1500 oe - 
EK3IA C-1 1500 0.95 OK Good 
EK3I1A C-2 1500 0.92 ” 4 
EZ33A C-1 1450 0.59 OK Good 
EZ33A C-2 1450 0.55 ” - 
EM61B C-1 1500 0.86 OK Fair, compound segregation and 
coarse porosity. 
EM61B C-2 1500 0.86 - Compound segregation and coarse 
porosity. 
EK30A D-! 1500 0.34 Pitting on Good, some pitting 
cope surface 
EK30A D-2 1500 0.2: 7 of = i 
EK30B D-1 1500 0.36 ’ 4 » 
EK30B D-2 1500 0.37 “sg Good, more pitting than above 
EK31A D-! 1500 0.16 ” ° Pits, small amount of fine porosity 
EK31A D-2 1500 0.16 ” “ » * se ¥ 
FZ33A D-1 1500 0.34 ' Good, Pits 
EZ33A D-2 1500 0.36 * = ” ” 
EM61B D-1 1500 0.31 Less pitting Pits, porosity in thin and adjacent 
than above sections. Fine crack 14 in. long 
inside wall. 
EM61B D-2 1500 0.28 = “7 Pits, porosity in thin and adjacent 
sections. 





would have reduced these voids in EM61B alloy, in 
which case the castability of the five compositions 
would be more comparable. 


Property Evaluation 


The analysis and grain size as measured in the 
center of a 4-in. cube and the grain size as measured 
in the reduced section of a standard 14-in. diam ten- 
sile bar are presented for each melt in Table 4. This 
information indicates that these alloys are similar in 
their grain sizes except for EM61B alloy which pos- 
sesses a considerably larger grain size. Also shown are 


the minimum and average tensile properties at room 
temperature, 400 F, and 600 F of test bars machined 
from individual castings. 

EM61B-T6 is the most brittle alloy with EK30A-T6 
and EK30B-T6 following in decreasing order of brit- 
tleness. Forty per cent of the EM61B-T6 bars tested 
at room temperature were so brittle that the stress- 
strain curve did not deviate 0.2 per cent from the 
modulus line in the tension test before fracture oc- 
curred. No yield strength value could be obtained 
on these bars. This explains why, in castings B, C, 
and D, the minimum yield strength values are higher 
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TABLE 4—ANALYsis & GRAIN SiZE OF MELTs & TENSILE PROPERTIES OF BARS SECTIONED FROM INDIVIDUAL CASTING 























: Analysis Ave. Grain Diam. Tensile Properties 
Compo- Casting _ RE pel x phe 
sition No. Sol. Insol. Test 4-In. 70F 400 F 600 F 
TRE Zr Zr Fe Mn Ni Ww Zn Bar, Cube, 1000 1000 1000 
> % “* % % % % . > No.of psi %No.of psi %No.of psi ‘ 
Bars TS YS E Bars TSYS E Bars TSYS | 
EK30A-T6 A-! 3.03 0.28 0.03 <0.001 0.014 <0.001 0.004 Min — 16 12 K— 1611 5 — Il 6 B® 
Aver 28 18 13 221 16 11 10 21 12 6 4 
A-2 3.04 0.22 0.04 <0.001 0.015 <0.001 0.005 0.010 Min — 15 12 Z— 13 9 4 — Il 6 21 
Aver 27 16 13 120 15 10 8 20 12 7 38 
EK30B-T6 A-1 3.25 0.31 0.04 0.093 0.004 <0.001 0.004 0.008 Min — 23 16 1— 1410 KY — 74 & 
Aver 23 25 16 219 20 13 6 18 12 8 47 
A-2 3.25 0.31 0.04 0.003 0.004 <0.001 Min — 19 14 1— 18 12 4— 127 34 
Aver 23 21 16 218 20 13 6 19 13 8 46 
EK31A-T6 A-l 2.86 0.56 0.07 0.002 0.010 <0.001 0.002 0.004 Min — 22 14 3— 16 11 10 — 10 6 29 
Aver 28 24 15 519 17 12 16 19 11 7 52 
A-2 2.86 0.56 0.07 0.002 0.010 <0.001 Min — 22 15 3— 15 12 8 — Il 6 50 
Aver 23 24 16 519 17 12 16 19 12 7 61 
EZ33A-T5 A-l 241 0.69 0.04 <0.001 0.012 <0.001 3.00 0.001 0.004 Min — 19 13 2— 17 9 6 — 11 7 33 
Aver 23 21 14 419 18 10 17 19 11 7 57 
A-2 241 0.69 0.04 <0.001 0.012 <0.001 3.00 Min — 20 14 2— 18 9 9 — Il 6 45 
Aver 23 21 15 419 19 10 38 19 12 7 58 
EM61B-T6* A-1l 5.85 0.048 0.99 0.25 <0.006 0.024 0.030 Min — 13 13 O— 410 1— M48 2 
Aver 23 15 14 019 16 12 3 19 15 8 8 
-2 6.29 0.040 1.0 0.25 <0.006 0.030 0.070 Min — 12 12 0— 13 10 KY — 13 8 2 
Aver 19 14 14 014 15 12 119 15 8 5 
A-3 6.29 0.040 1.0 0.25 <.006 Min — 183 14 0—MHlH 1—H48 2 
Aver $1414 0515 12 1519 6 
EK30A-T6 B-1 2.74 0.25 0.14 <0.001 0.022 <0.001 0.004 0.007 Min — 18 14 2— 17 12 6 — 10 6 23 
Aver 16 18 14 210 17 12 8 10 11 8 40 
B-2 2.74 0.25 0.14 <0.001 0.022 <0.001 Min — 17 14 1— 16 12 6 — 11 7 23 
Aver 16 18 14 210 17 12 8 10 12 7 35 
EK30B-T6 B-l 2.97 0.26 0.04 <0.001 0.007 <0.001 0.004 0.010 Min — 18 14 %Y— 18 13 5 — 12 8 15 
Aver 16 20 15 110 19 14 6 10 13 9 31 
B-2 2.97 0.26 0.04 <0.001 0.007 <0.001 Min — 19 14 %Y~— 17 13 4 — 12 8 16 
Aver 16 20 15 210 19 14 5 10 13 9 30 
EK31A-T6 B-! 3.22 0.54 0.09 <0.001 0.018 <0.001 0.002 0.004 Min — 20 14 2— 16 11 9 — 11 7 38 
Aver 16 21 14 310 17 11 18 10 11 8 55 
B-2 3.22 0.54 0.09 <0.001 0.018 <0.001 Min — 18 14 2— 16 11 11 — 10 6G 5) 
Aver 16 21 14 3 9 17 11 14 10 11 7 62 
EZ38A-T5 B-1 2.28 0.63 0.05 <0.001 0.004 <0.001 2.84 0.001 0.004 Min — 16 13 1— 17 9 10 — 10 6 26 
Aver 16 19 14 310 18 9 i3 10 11 7 42 
B-2 2.28 0.63 0.05 <0.001 0.004 <0.001 2.84 Min — 17 13 1— 17 910 — 11 6 2@ 
Aver 16 18 14.210 18 9 13 10 11 7 40 
EM61B-T6* B-l 6.47 0.038 0.96 0.26 <0.006 0.024 0.090 Min — 12 13 O— 1410 1— 13 8 2 
Aver 16 14 14 010 15 12 110159 4 
B-2 6.47 0.038 0.96 0.26 <0.006 Min — ll 13 O— 1412 1— 13 8 2 
Aver 16 14 13 010 15 12 110159 3 


*EMG6I1B-T6 bars in which the stress-strain curve did not deviate 0.2% from the modulus line were not included in the yield 


strength values. 





than the minimum tensile strength values. The bar 
broke before the yield strength was reached. The bars 
from casting C in EM61B-T6 alloy tested at 400 F 
are so low in ductility that little or no difference can 
be seen between the yield and tensile strengths. The 
coarse grain and excessive amount of second phase 
material found in EM61B-T6 alloy are largely re- 
sponsible for this low ductility. In some cases test 
bars of EM61B-T6 alloy free of all defects including 
massive compound segregation had ductilities so low 
that yield strength determination could not be made. 
Figures 2, 3, 4, 5, and 6 are photomicrographs showing 
the typical structure of the alloys studied in this in- 
vestigation. 

The two best alloy compositions, as far as tensile 
properties of bars cut from individual castings are 
concerned, at each testing temperature are: (1) at 


room temperature, EK30B-T6 and EK31A-T6, (2) at 
400 F, EK30B-T6 and EK31A-T6, (3) at 600 F, EM- 
61B-T6 and EK30B-T6. It can be noted that EM- 
61B-T6 retains a greater proportion of its room temp- 
erature strength at elevated temperatures than the 
other alloy compositions. 

In order to provide the design engineer with data 
suitable for his purposes, the tensile results were ex- 
amined statistically. Cumulative frequency distribu- 
tion curves for the tensile strength, yield strength, 
and elongation were piotted on probability paper. 
Any given location on one oi these curves represents 
the percentage of bars which have a value equivalent 
to or less than that defined by the point. From these 
curves the average value (50 per cent point on the 
curve) and the standard deviation (difference be- 
tween the 831% per cent and 50 per cent values) were 
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TABLE 4— (CONT.) 




















Compo- Casting . Analysis Ave. Grain Diam. eet. Toe Propartios pes 
sition No. Sol. Insol. Test 4-In. 70 F 400 F 600 F 
TRE Zr Zr Fe Mn Ni Ww Zn_ Bar, Cube 1000 1000 1000 
>» %& F& % % % % % ‘In. In. No.of psi % No.of psi %Noof psi % 
Bars TSYS E Bars TSYS E Bars TS YS E 
EK30A-T6 C-l 2.42 0.36 0.05 <0.001 0.020 <0.001 0.002 0.609 Min — 16 12 1— 15 11 5 — 117 17 
Aver 14 17 18 212 16 11 8 12 11 7 44 
C-2 3.36 0.22 0.04 <0.001 0.016 <0.001 0.003 0.008 Min — 1413 0— 4 9 2— 11 6 15 
Aver 14 15 14 412 15 11) 4 12 12 6 28 
FK30B-T6 C-1 3.00 0.19 0.04 0.001 0.008 <0.001 0.004 0.010 Min — 18 14 %~— 17 13 2 — 12 8 14 
Aver 14 19 15 % 12 19 14 3 12 13 9 37 
C-2 3.00 0.19 0.04 0.001 0.008 <0.001 ma —~ TCH 7 PD 2 BT 2 
Aver 14 18 15 4% 12 18 13 3 12 12 8 38 
EK31A-T6 C-1 2.95 0.56 0.03 <0.001 0.014 <0.001 0.002 0.004 Min — 19 15 1— 16 10 4 11 7 26 
Aver 14 20 16 212 17 13 7 11 12 8 41 
C-2 2.95 0.56 0.03 <0.001 0.014 <0.001 Min — 18 14 1— 16 12 5 — 10 5 28 
Aver 14 19 15 212 17 13 7 12 11 8 47 
EZ33A-T5 C-1 2.72 0.70 0.05 <0.001 0.002 <0.001 2.87 0.001 0.004 Min — 18 12 2— 16 9 6 — Il 6 15 
Aver 14 19 18 312 17 91112 117 % 
C-2 2.72 0.70 0.05 <0.001 0.002 <0.001 2.87 Min — 1712 2— 6 9 7 10 6 22 
Avr 1419 18 21217 9H WMT 3 
EM6IB-T6* C-1 6.38 0.042 1.02 029 <0.006 0.030 0.060 Min — 12 12 O0~— 13 12 %Y — 128 % 
Aver 14 13 13 012 1413 % 12 13 9 1 
C-2 6.38 0.042 1.02 0.29 <0.006 Min — 12 14 0 1312 0—129 1 
Aver 14 138 14 012 1413 %12 139 1 
EK30A-T6 D-1 2.69 0.25 0.05 <0.001 0.022 <0.001 0.006 Min — 1518 %Y— 17 N 9 — 9 5 35 
Aver 30 19 14 2 4 18 11 11 4 10 5 51 
D-2 2.69 0.25 0.05 <0.001 0.022 <0.001 Min — 1412 Z— 15 9 5 — 10 5 31 
Aver 30 17 18 1417 9 9 411 5 44 
EK30B-T6 D-1 3.07 0.42 0.05 <0.001 0.007 <0.001 0.002 0.0066 Min — 19 17 1— 19 15 7 — 13 7 38 
Aver 30 25 17 3 420 15 9 4 13 8 53 
D-2 3.07 0.42 0.05 <0.001 0.007 <90.001 Min — 2017 1— 20 14 6 — 13 7 37 
Aver 30 25 17 3 420 15 8 413 7 48 
EK31A-T6 D-1 2.79 0.53 0.03 <0.001 0.017 <0.001 0.002 0.004 Min — 19 15 1— 16 12 7 — Il 6 31 
Aver 29 23 16 $3 417 12 8 4 11 6 42 
D-2 2.79 0.53 0.03 <0.001 0.017 <0.001 Min — 2015 2— 1511 6— 10 5 #4 
Aver 30 22 16 3 4 16 12 8 4 10 6 50 
E733A-T5 D-1 264 0.61 0.05 0.002 0.004 <0.001 2.87 0.001 0.005 Min — 18 18 1— 17 10 10 — 11 6 41 
Aver 30 21 16 2 4 19 10 15 4 11 6 61 
D-2 264 061 0.05 0.002 0.004 <0.001 2.87 Min — 16 18 1— 19 9 12 — Il 6 $9 
Aver 30 20 15 2 419 10 15 4 11 7 56 
EM61B-T6* D-1 6.47 0.038 0.96 0.26 <0.006 0.024 0.090 Min — 10 14 O~— 17 12 2— 15 8 ll 
Aver 29 16 15 0 4 17 13 2 4 16 8 22 
D-2 6.47 0.038 0.96 0.26 <0.006 Min — 12 14 0 18 12 3— 168 5 
Aver 30 15 16 0 4 18 13 3 4 17 9 15 


The minimum tensile properties recorded for all compositions and testing temperatures were not necessarily obtained from the 


same test specimen. 





obtained. These values are listed for each alloy at 
the three test temperatures in Table 5. Also listed is 
the number of values included on each determination. 


Figures 7 and 8 are examples of five typical distri- 
bution curves obtained in this study. In general, the 
data form a fairly straight line. In a few cases, how- 
ever, the data are somewhat erratic as shown for 
EK30B-T6 alloy in Fig. 7. This particular curve was 
analyzed further by replotting the data according to 
the separate melts made of this composition. These 
data are shown in Fig. 9, and demonstrate that a 
variation in alloy composition influences the property 
level. Since a certain range in composition is re- 
quired in any alloy, it is felt that an average line 
drawn through the data as in Fig. 7 is justified. 

In two cases there was some question regarding 
the advisability of drawing an average straight line. 


through the plotted data. These specific data can be 
reproduced by drawing a curved line through the 
following points on probability paper: 





Composition Test 8% 50% 97% 
Value Value Value 





EMG61B-T6 Elongation at 600 F 0.25% $5% 205% 
EZ33A-T5 Yield Strength at 400 F 8700 psi 9400 psi 11,500 psi 





In both of these cases the standard deviation was not 
calculated and the average value listed in Table 5 is 
the arithmetic average of the individual values. 

A comparison of average tensile properties of sep- 
arately cast bars with bars sectioned from castings for 
all melts and castings poured is given for the three 
testing temperatures in Figs. 10, 11, and 12. The 
properties of the separately cast bars poured on each 
melt were averaged and plotted against the average 
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Fig. 5—Structure of EZ33A-T5 Alloy. Glycol etchant. 
100. 
properties listed in Table 5. The properties of the ( 
separately cast bars are better than those from the 
castings at room temperature and are as good as or 
better than the casting properties at 400 F and 600 F. ” 
The outstanding compositions are far as average ten- Fig 
sile properties of bars sectioned from all castings are ) 
the same as observed earlier in comparing average 
properties of individual castings with the various 
compositions. Tal 
Samples were taken from similar sections of both A — 
castings in all five alloys for Brinell hardness tests. Com 
The average values for each casting shown in Table EK 
6 check each other closely within each alloy composi- 
tion. Although the differences between them are EK 
small, the alloys can be listed in increasing order of os 
hardness as follows: EK30A-T6, EK31A-T6, EZ33A- oa 
T5, EK30B-T6, and EM61B-T6. EZ: 
The 100-hr creep limits of bars from each casting 7 
Fig. 6—Structure of EM61B-T6 Alloy. Glycol etchant. tested at 400 F and at 600 F are shown in Table 7. ” 


100. _ It was not possible to obtain creep limits on casting ee 
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TABLE 5—AVERAGE PROPERTIES AND STANDARD DEVIATION OF BARS CUT FROM CASTINGS 




















70 F 400 F 600 F 
TS YS Elong TS YS Elong TS YS Elong 
Alloy Property 1000 psi % 1000 psi % 1000 psi % 
EK30A-T6 Average 17.5 13.3 1 16.0 11.0 7.5 11.4 6.6 39 
Std Deviation 18 0.6 1 1.0 0.7 2.5 0.7 0.6 9 
No. of Bars 175 175 175 93 93 93 81 , 80 80 
EK30B-T6 Average 21.7 16.0 1.5 19.2 13.4 5 12.6 8.2 40 
Std Deviation 2.4 1.0 1 1.1 0.6 2.5 0.6 0.6 12 
No. of Bars 165 164 165 89 88 89 88 87 88 
EK31A-T6 Average 22.1. 15.3 3.5 16.7 12.2 12 11.2 7.1 51 
Std Deviation 18 0.8 1 0.6 0.8 5 0.6 0.8 11 
No. of Bars 165 166 165 89 89 89 89 89 89 
EZ33A-T5 Average 19.8 14.3 2.5 18.0 9.8 14 11.3 6.7 44 
Std Deviation 1.4 1.2 1 0.8 om 4.5 0.4 0.4 13 
No. of Bars 166 165 166 90 90 90 102 102 102 
EM61B-T6* Average 14.6 14.2 0 15.0 11.8 1 14.7 8.7 5.5 
Std Deviation 1.7 1.0 — 1.4 0.9 1 1.4 0.5 a 
No. of Bars 168 100 168 100 98 99 90 90 90 


*EM6I1B-T6 bars in which the stress-strain curve did not deviate 0.2% from the modulus lines were not included in the yield 
strength values. 
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TaBLeE 6—BrRINELL HarpNEss VALUES Mc-RE-ALLoys y 8 poi “4 f 
A SAMPLES FROM CASTING A 8. 
s. Gayest Ga = ee Sew eee D because of the geometry of the casting and limita- 
le EK30A-T6 A-l 45.4 tions of testing equipment. The four conventional 
i- A-2 47.5 creep limits presented may be defined as follows: 
re EKS0B-T6 We a 1. Limiting stress to give 0.1 per cent creep ex- 
f Arse Jt. —— . 
‘ EK3iA-T6 A-l 48.7 tension in 100 hr. 
\ A-2 48.6 2. Limiting stress to give 0.1 per cent creep plus 
EZ33A-T5 A-l 51.3 plastic extension in 100 hr. 
g é A-2 50.9 3. Limiting stress to give 0.2 per cent total exten- 
7. EM61B-T6 A-l 55.1 sion in 100 hr. 
A-2 54.2 


4. Limiting stress to give 0.5 per cent total exten- 
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TABLE 7—100-Hr Creep LImITs OF BARS SECTIONED FROM INDIVIDUAL CASTINGS 





Range-100-Hr Creep Limits-1000 psi 
600 F 














400 F 


0.1% Creep 0.1% Creep 
Casting Number0.1% Creep +Plastic 0.2% Total 0.5%Total Number0.1% Creep + Plastic 0.2% Total 0.5% To:al 
Composition Number Curves Extension Extension Extension Extension Curves Extension Extension Extension Extension 

























































EK30A-T6 = A-1 2 6.4-7.0 6.0-6.9 5.7-6.8 82-86 2 1.02110 095-109 1.221.381 147-157 
“a A-2 1 6.6 6.4 5.8 8.5 l 1.00 0.98 1.30 1.54 
EK30B-T6 A-l 2 8.5-9.3 8.3-8.8 7.8-8.2 10.4-11.1 2 0.96-0.97 0.94-0.97 1.08-1.22 1.36-1.47 
™ A-2 2 8.0-9.1 8.0-8.7 7.4-8.4 10.7-10.8 2 1.25 1.23 1.20-1.31 1.47-1.4% 
EK31A-T6 A-l 2 9.1-9.3 8.8-9.2 9.1-9.2 10.5-11.3 2 1.21-1.40 1.20-1.38 1.37-1.56 1.62-1.80 
=: A-2 ] 9.2 9.0 9.0 10.9 2 1.26-1.38 1.26-1.38 1.40-1.54 1.62-1.68 
EZ33A-T5 A-l 2 7.9-8.7 7.5-7.7 6.7-7.0 9.6-10.4 2 0.95-1.06 0.95-1.06 1.16-1.26 1.66-1.69 
7 A-2 2 8.5 7.7-7.9 7.4-8.0 9.5-10.2 2 0.75-0.86 0.75-0.86 0.97-1.13 1.43-1.59 
EM61B-T6 A-l 2 11.0-12.2 8.6 7.8 11.1-11.2 2 2.35-2.85 2.35-2.82 2.80-3.04 3.30-3.70) 
7 A-2 2 9.6-11.2 8.0-9.2 7.1-9.0 11.1-11.4 2 2.60-3.18 2.60-3.07 2.66-3.35 3.15-4.00 
- A-3 2 11.6-12.7 8.4-9.2 7.0-8.1 11.4 2 2.43-2.46 2.30-2.45 2.61-3.19 3.15 
EK30A-T6 B-1 2 6.9-8.0 6.8-7.3 6.7-7.2 9.4-9.6 1 1.41 1.40 1.52 1.74 
. B-2 2 6.0-7.0 5.9-6.9 5.6-6.2 8.3-8.4 1 1.25 1.23 1.50 1.66 
EK30B-T6 B-1 l 8.8 8.1 7.7 9.7 1 0.88 0.88 0.99 1.35 
? B-2 2 8.4-8.8 8.1-8.4 7.5-8.2 9.8-10.2 1 0.93 0.90 1.08 1.42 
EK31A-T6 B-1 2 7.9-8.2 7.5-7.7 7.4-7.9 9.0-9.7 1 1.08 1.04 1.55 1.78 
~ B-2 2 8.2-8.7 7.7-8.5 7.2-8.2 9.6-9.7 1 1.13 1.12 1.36 1.77 
EZ33A-T5 B-1 2 6.5-8.6 5.5-8.2 6.0-8.6 9.2-9.6 1 0.89 0.83 1.13 1.78 
» B-2 l 7.5 7.0 7.0 8.8 l 0.87 0.87 1.12 1.67 
EM6IB-T6 iB 2 10.6-10.9 9.7-9.9 9.3-10.0  —11.0-11.4 I 2.42 2.42 2.80 3.62 
B-2 2 11.4 8.7-11.1 7.8 11.7-11.9 1 2.49 2.47 2.77 3.60 
EK30A-T6 C-l  ~ * ctieseeeentos I IR 65 a Dis'nn'n c'e.4s Suaw aioe 2 1.29-1.35 1.27-1.30 1.38-1.48 1.65-1.71 
a C-2 2 8.2-8.4 7.7-7.8 7.6-8.2 9.5 2 1.46-1.52 1.41-1.50 1.56-1.63 1.85-1.90 
EK30B-T6 C-i 2 8.9-9.6 8.5-9.0 8.2-8.6 12.0 2 0.95-1.00 0.95-0.98 1.19-1.22 1.48-1.49 
C-2 l 9.2 9.1 8.0 10.8 1 0.95 0.95 1.12 1.45 
EK3IA-T6 C-l 2 9.4-9.8 9.0-9.3 8.1-8.5 10.4-10.7 2 1.55-1.61 1.54-1.60 1.68-1.69 1.90-2.03 
5 C-2 2 8.7-9.2 8.2-8.7 8.0 10.3 2 1.40-152 1.39-1.51 —1.56-1.66 1.87-1.94 
EZ33A-T5 C-l 2 8.6-9.0 7.3-7.4 6.6-6.9 9.6-10.3 2 0.94-1.30 0.94-1.29 1.26-1.52 1.76-1.97 
C-2 2 8.4-8.6 7.4-8.1 6.8-7.0 9.7-9.9 2 1.03-1.47 1.03-1.45 1.39-1.58 1.82-1.94 
EM6IB-T6 C-l 2 12.3-12.7 9.1-9.4 8.1-8.2 12.0-12.1 2 256-289 256-285  2.83-3.19 $.85-4.10 
= C-2 2 11.9-12.5 8.8-9.1 8.4-9.8 11.9-12.7 2 2.94-3.00 2.93-2.98 3.30-3.38 3.90-4.10 

999 sion in 100 hr. 

99.8 ge Total extension represents the total deformation 
- a a which occurs during both the loading and the creep 
rd , testing period. Creep extension is the extension ob- 

tained at constant stress and temperature as a func- 
95 Fr tion of time after the specimen is loaded. Plastic ex- 
90 + tension is the measure of the amount of permanent 
deformation which occurs during the initial loading 

vad of the specimen. 
‘ _ z A sufficient number of bars were available to obtain 
& s0 ’ one to two sets of data for each testing temp~rature 
& 40 + for each casting. In some cases the results were too 
2 30+ erratic to obtain creep limits and were therefore 
20 omitted from this table. Based on the results in the 
@—Average Curve table, it can be seen that EM61B-T6 is somewhat 
saad *e—Mg-0.42% Sol. Zr 7 superior in creep resistance at 400 F and outstanding 

3.07% R.E. as "wi 
5 @—Mg-0.31% Sol. Zr- 4 in its superiority over the other alloys at 600 F. The 
- 3.25% RE. - table also shows that EK30B-T6 and EK31A-T6 are 
, wie on 2 a essentially equal in their creep resistance and are 
5 RS «= @Mg- 0.19% Sol. Zr- 3.00% RE next best to the EM61B-T6 alloy at 400 F. At 600 F 
eb} | | the four zirconium-containing alloys are all compar- 
able. 
14 15 16 17 18 , , 

7H, 1000 PSI In order to obtain an average or over-all picture of 
stellate the creep of bars from castings versus alloy composi- 
tion, the stress for all bars of a given composition 
Fig. 9—Effect of composition on cumulative frequency was plotted against the percent extension in 100 hr 
distribution curves of yield strength at 70 F of bars for three parameters of creep: creep extension, creep 






sectioned from EK30B-T¢6 alloy castings. plus plastic extension, and total extension. Lines 
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Fig. 1O—A comparison of average tensile properties at 
room temperature of separately cast bars with bars 
sectioned from castings. 
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Fig. 12—A comparison of average tensile properties at 
600 F of separately cast bars with bars sectioned from 
castings. 
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Fig. 11—A comparison of average tensile properties at 
400 F of separately cast bars with bars sectioned from 
castings. 


were drawn defining the upper and lower limits of 
the bands of data. On four curves one point was left 
outside of the band because something obviously was 
out of control on the test. Examples of the scatter of 
data showing tetal extension at 400 F and 600 F and 
the bands defining this scatter are presented in Fig. 
13 and 14. The data in Table 8 are taken from these 
graphs showing the scatter of data obtained on the 
creep tests. By plotting the minimum and maximum 
values shown in the table it is possible to reproduce 
these scatter bands. 

The range of creep limits of the castings poured in 
the five compositions are presented for four para- 
meters of creep at 400 F in Fig. 15 and at 600 F in 
Fig. 16. These ranges are taken from the above men- 
tioned scatter bands. The superiority of EM61B-T6 
at 400 F and at 600 F is again apparent. 


Conclusion 


In order to arrive at a conclusion regarding the 
relative over-all merits of each of these alloys, one 
must consider again all of the properties tested. In 
view of the fact that all of these alloys are vastly 
superior at elevated temperatures to the other com- 
mercial casting alloys of magnesium containing alum- 
inum and zinc, there are many applications where 
any one of the five alloys tested may be entirely sat- 
isfactory. The ease of handling in the foundry and 
in assembly operations, the cost of the materials in- 
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Fig. 13—Creep strength of magnesium-rare earth alloys 
at 400 F. Total extension in 100 hr. 
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Fig. 15—Range—100 hr creep limits. Bars sectioned 
from castings. Tested at 400 F. 


volved, and the property requirements for a given 
application must be considered in choosing from these 
various alloy compositions. Another factor to con- 
sider is that in some applications one property or 
combination of properties is more important to the 
aircraft engineer than some other property. 

When the creep strength at 600 F becomes a more 
important factor than any of the other properties 
reported in this paper, then EM61B-T6 may be the 
desired alloy. The extremely brittle nature of this 
alloy at room temperature and the increased number 
of voids found in castings of this composition seem to 
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Fig. 14—Creep strength of magnesium-rare earth alloys 
at 600 F. Total extension in 100 hr. 
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Fig. 16—Range—100 hr creep limits. Bars sectioned 
from castings. Tested at 600 F. 


dictate against its use at the present time. It is con- 
ceivable that future foundry developments might im- 
prove the room temperature characteristics of this 
alloy composition. 

Alloy EK30B-T6 is good in creep at 400 F and also 
in tensile properties at all temperatures tested. The 
use of low cerium Mischmetal in place of the com- 
mercial grade of Mischmetal is definitely advantage- 
ous. This material is not commercially available to- 
day, but it is understood that it could be made com- 
mercially when the demand warrants it. This compo- 
sition compares favorably in castability to the other 
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TABLE 8—VALUES WHICH DEFINE THE RANGE OF CREEP 
STRENGTH SCATTER BANDS FOR EACH ALLOY AT BOTH 
‘TEMPERATURES 





Stress Range for Given Extension 








1000 psi 
Testing 0.1% Ext 0.5% Ext 
Composition Temp., Parameter Min Max Min Max 
(°F) 





EK30A-T6 400 Creep Extension 5.6 9.2 76 104 
‘i ‘i Creep +- Plastic 
Extension 5.3 9.2 7.3 106 
“i Re Total Extension 4.1 8.3 6.5 9.9 
= 600 CreepExtension 1.00 1.70 145 1.97 
- Creep + Plastic 
Extension 0.99 169 1.44 1.98 
Total Extension 0.95 166 141 1.95 


EK30B-16 400 CreepExtension 6.3 10.2 74 13.7 
i = Creep + Plastic 
Extension 6.2 10.0 7.2 13.0 
Total Extension 5.5 7.6 69 122 
600 CreepExtension 0.72 1.25 1.32 1.60 
4 Creep + Plastic 
Extension 0.73 1.26 1.32 1.60 
Total Extension 0.68 1.21 1.29 1.58 
EK31A-T6 400 Creep Extension 6.6 9.9 96 12.2 
a 7 Creep + Plastic 
Extension 6.3 9.6 93 11.5 
Total Extension 5.4 8.7 8.5 11.3 
es 600 Creep Extension 1.02 166 1.51 2.09 
- - Creep + Plastic 
Extension 102 164 1.51 2.08 
Total Extension 1.02 1.58 150 2.07 
EZ33A-T5 400 CreepExtension 5.7 9.3 99 126 
‘ % Creep + Plastic 
Extension 5.5 8.5 92 10.7 
24 % Total Extension 4.3 8.2 92 10.7 
e 600 CreepExtension 0.72 1.56 1.41 2.05 
ny - Creep + Plastic 
Extension 0.73 147 1.42 Y 
Total Extension 0.70 1.35 1.39 2.05 
EM61B-T6 400 Creep Extension 7.5 128 12.5 150 
- r Creep + Plastic 
Extension 69 112 9.7 13.6 
Total Extension 5.3 9.6 98 129 
ia 600 Creep Extension 1.87 3.6 2.8 4.2 
” is Creep + Plastic 
Extension 1.84 3.3 2.8 4.2 
Total Extension 1.65 3.0 2.65 4.1 





three alloys containing zirconium and it possesses the 
same advantages as EK30A alloy when considering 
ease of alloying in the foundry. 

EK31A-T6 is nearly equal in properties to EK30B- 
T6. The raw materials involved are available com- 
mercially at this time, and its use for extra high 
property applications is suggested when the additional 
expense due to the high zirconium is warranted. 

The properties of alloys EZ33A-T5 and EK30A-T6 
are essentially equal to each other, and slightly in- 
ferior to EK30B-T6 and EK31A-T6. The two alloys 
compare well in castability although the higher zir- 
conium content of EZ33A alloy increases beth its cost 
and handling problems in the foundry as compared 
with EK30A alloy. 

A study of this type cannot be considered final and 
conclusive. More foundry and service experience is 
needed in order to completely evaluate these alloys. 
The techniques of alloying and handling these compo- 
sitions are becoming more effective and practical, and 
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continued improvements in foundry practice can be 
expected. Future developments in magnesium alloys 
intended for elevated temperature applications might 
be in the direction of a low cerium Mischmetal-con- 
taining alloy with a higher zirconium content than 
EK30B alloy. Another potential approach toward im- 
proved properties might be along the lines of a modi- 
fication of EM61B alloy to gain added room tempera- 
ture ductility. 
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DISCUSSION 


Chairman: M. E. Brooks, The Dow Chemical Co., Bay City, 
Mich. 

Co-Chairman: W. D. Danks, Howard Foundry Co., Chicago. 

A. C. Jessup (Written Discussion):* I have read this paper with 
considerable interest. Magnesium Elektron Ltd., the pioneers in 
Britain of the zirconium-containing alloys of this class, have a 
considerable background of experimental work and _ practical 
experience the results of which do not accord with many of the 
conclusions reached by the authors. 

Dealing first with the comparison of castability, unfortunately 
I have not seen the photographs illustrating the castings used 
by the authors, but, from results quoted in the paper, it appears 
that these were of a relatively simple type. Experience in this 
country with an alloy of the type described by Grube and East- 
wood indicates that attempts to make intricate castings would 
have met with great difficulty ‘rom hot tearing. From our ex- 
perience we should list the alloys in order of decreasing castabil- 
ity as follows:—EZ33A, EK31A, EK30B EK30A, EM61B. The 
alloy termed EZ33A is comparable to the Elektron alloy ZRE1, 
although the latter contains 2.5 per cent zinc and 2.7 per cent 
RE metals, and in practice the difference in castability between 
this and EK31A (equivalent to Elektron MCZ) is quite marked. 
ZREI was in fact introduced to overcome certain casting diffcul- 
ties experienced with MCZ, but both of these alloys are superior 
to those having a low zirconium content. 

The methods used by the authors for the introduction of zir- 
conium also require comment. The accumulated experience of 
Magnesium Elektron Ltd., proves conclusively that the highest 
effective zirconium contents cannot be. achieved by the use of 
metallic “pure” zire: although chemical analyses may indi- 
cate high “solu' "m contents. 

It is therefo t the effective zirconium contents 
reported for s made from metallic zirconium 
sponge, are 127]~ \iz30. The presence of microporosity 
in EK33A casting and B® tends to confirm this since experi- 
ence with Elekiror 7REI1 has shown that the presence of micro- 
porosity in even the most difficult casting is a very rare phe- 
nomenon, whereas microporosity readily occurs when the effec- 
tive zirconium content is low. 

The information quoted in the report does not enable an 
assessment of the effectiveness of the “zirconium hardener” used 
for EK31A to be made. In comparing these two alloys it would 
have been preferable to use a constant method for alloying 
the zirconium. 

With regard to tensile properties, the experience in this coun- 
try shows that ZREI is slightly superior to MCZ. The reported 
superiority of EK31A, with a zirconium content of 0.55 per cent, 
over EZ33A with a zirconium content of 0.70 per cent is quite 


1 Chief Metallurgist, Magnesium Elektron Ltd., England. 
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contrary to experience with Elektron alloys and a further con- 
firmation that the analyzed zirconium contents in the EZ33A 
alloys were deceptively high. 

The values for creep strength obtained for the alloy EZ33A 
are somewhat lower than those obtainable from ZRE1 alloy. This 
is probably due at least in part to the zinc content of the EZ33A 
being higher than that for ZRE1, since creep strength begins to 
decrease if zinc is increased beyond 214 per cent. The compari- 
son of creep strength between the various alloys examined by 
the authors is probably also affected by the difference in levels 
in rare earth metal content. In particular it should be noted 
that the average rare earth metal content for the EZ33A castings 
is appreciably lower than that for the other alloys of nominally 
similar content. 

K. E. Netson (Authors’ Written Reply to Mr. Jessup): In 
respect to Mr. Jessup’s comments on castability, we have had 
further experience with EM61B since our paper was written. 
Even more difi:ulty was encountered than in the original work 
so that we can say we are in substantial agreement in the ques- 
tion of the castability of this alloy. In respect to the British 
alloy ZRE1, we wonder whether their definition of castability is 
the same as ours. We have thoroughly investigated the alloying 
of zirconium and have successfully introduced it into magnesium 
rare earth alloys in several ways. There has been no essential 
difference in the soluble zirconium content, the tensile proper- 
ties, or in the castability as defined in the paper, of alloys made 
with various zirconium alloying agents. 

The remarks about the tensile properties of ; RE] compared 
to EK31A are probably not strictly applicable. They are actually 
comparing ZRE1 to another British material, MCZ, which would 
correspond to EK31A-T5, that is, aged only. The material re- 
ported on in our paper was EK31A-T6. This material has 
superior tensile properties to EK31A-T5. 

The effect of varying rare earth content in alloy EZ33A 
has been checked. No effect was discerned as the rare earth con- 
tent was increased. We have not checked the effect of varying 
zinc and so can not comment further on Mr. Jessup’s remarks in 
that regard. 

L. W. Eastwoop (Written Discussion):* The paper comparing 
the casting characteristics and properties of several magnesium 
rare earth sand casting alloys by K. E. Nelson and P. F. Strieter 
is based on the results of a great deal of work and represents a 
real contribution to the light-alloy foundry technology. There 
are several points which I would like to make regarding this 
paper: 

1. The present operating temperature for light-alloy parts in 
aircraft motors is approximately 400 F, as the authors point out. 
Alloys which provide good load-carrying capacity at this tem- 
perature present no real problem. The authors failed to point 
out that the alloy referred to in their paper by the ASTM desig- 
nation EM-61B-T6 was designed primarily for operating at 
higher temperatures up to 600 F. We would not recommend it 
if the operating temperature were only 400 F. An alloy similar 
to EM-61B-T6 will be of interest when the operating tempera- 
tures reach 500 to 600 F. As the authors observed, this alloy has 
higher load-carrying capacity at 400 F than the other alloys, but 
real superiority is markedly evident when the service tempera- 
ture is 600 F. 

2. The gas porosity and trapped gasholes found in the EM- 
61B-T6 alloy castings and the unsoundness in the separately cast 
test bars indicate that both melting practice and gating practice 
require improvement. No information is given on gating or 
pouring practices or on pouring temperatures. Melting and 
gating practices which are suitable for one alloy may not be 
suitable for another. Thus, foundry practices suitable for alumi- 
num with 5 per cent silicon might be quite satisfactory, but the 
same practices would be disastrous for an excellent alloy such 
as aluminum with 10 per cent magnesium. We have had con- 
siderable success in melting magnesium alloys containing rare 
earths by doing it under a nitrogen cover but without using 
fluxes. This has been done on relatively small melts only. Nitro- 
gen is easy to use, it is cheap, and there is a good possibility that 
the method would be practicable for large-scale melting opera- 
tions. Although no large castings were made from melts pre- 
pared in this manner, several different castings were made with- 


2 Supervisor, Nonferrous Metallurgy, Battelle Memorial Institute, Colum- 
bus, Ohio. 
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out the occurrence of appreciable segregation or other found: 
defects. 

Also related to foundry practice, particularly melting method. 
and pouring temperature, is the considerable amount of segrega 
tion of the magnesium-cerium compound in the castings mad: 
by the authors. The evolution of gas during solidification ma 
accentuate the segregation and may account for the segregatio 
obtained. This defect may be the cause of the lower tensi/ 
properties and lower ductility obtained in the Dow laboratorie: 
as compared with the results obtained at Battelle and in othe: 
laboratories. 

The authors stress the low elongation obtained in the tensiou 
tests. Because the tensile elongation is low, they consider the 
alloy to be inferior. It is interesting to observe that the out. 
standing light alloy employed for elevated-temperature service is 
the one known as “Y” alloy, which has been in service for over 
30 years. This alloy, like many others of the outstanding heat- 
treated and aged aluminum-base alloys, has a tensile elongation 
too low to measure. If the same reasoning were applied to “Y" 
alloy, it would have been discarded before it was put into pro 
duction. 

In elevated-temperature service, resistance to failure by creep 
is of outstanding importance. The greater load-carrying capacity 
of the EM-61B-T6 alloy, ac illustrated by Fig. 16 in the authors’ 
paper, does not appear to have been emphasized. 

K. E. NEtson (Authors’ Written Keply to Dr. Eastwood): 
Comments such as Dr. Eastwood’s must be seriously considered 
when a new composition is being developed as a production sand 
casting alloy. There should be adequate reasons given for con- 
sidering any one composition over another. 

It is true that this evaluation was primarily for alloys consid 
ered for use at 400 F with less emphasis on their load-carrying 
capacity a’ 500 or 600 F. If load-carrying capacity were the only 
factor to be considered, then, without a doubt, compositions of 
the type EM61B-T6 would be desired at 400 or 600 F as indi- 
cated in Fig. 11, 12, 15 and 16 and in the text of the paper. As 
previously presented, and as we shall show in more @etail in this 
discussion, other factors must be considered. 

It is possible that a modification of gating and risering and/or 
melting practice might reduce or eliminate the voids found in 
the EM61B alloy. This very interesting phase of work was not a 
part of our program. Although specific details were omitted, it 
was stated in the paper that gating and risering of the casting 
as well as pouring temperature “was the same for each composi- 
tion and was the one used by the foundry in pouring EK30A 
alloy production castings.” The pouring temperature and pour- 
ing time for each casting was reported in Table 3 of the paper. 

The authors do not believe that the gas referred to by Dr. 
Eastwood affected the segregation of compound and thus the 
ductility of alloy EM61B. Metallographic studies of this alloy 
indicated areas of highly segregated compound in porosity-free 
areas. The authors feel that the gas referred to above has been 
entrapped by the turbulence of the metal stream and is not a 
gas coming out of solution during solidification. 


The authors believe it shou'd be pointed out that, as reported 
in the paper, there were bars radiographically free of defects 
which were so brittle that yield strength values could not be 
obtained. Another fact which should be mentioned is that the 
authors have, subsequent to the original program, again at- 
tempted to cast EM61B alloy in the thin-walled casting used in 
this evaluation. In four attempts at casting this part, the 
authors have encountered cracked castings, formed during solidi- 
fication, three times. The fact that the other compositions were 
not as susceptible to cracks indicates EM61B alloy is less cast- 
able. 

In arriving at our present suggested alloy system of Mg + 
3% rare earth + zirconium the authors have been aware of 
improved properties in the higher rare earth-manganese alloys. 
They have attempted to pour production castings in many alloy 
compositions including the following: 


Mg + 6% Rare Earth + 2% Mn 

Mg + 6% Rare Earth + 2% Mn + Zr 
Mg + 6% Rare Earth + 1% Mn + Zr 
Mg + 6% Rare Earth + 0.25% Zr 

Mg + 3% Rare Earth + 0.25% Zr 


It has been observed that reducing the Mn content and adding a 
small amount of Zr decreased handling problems in the foundry 





tion | 
in th 





* Pr 
Ltd., | 


loy 
ree 
en 
ta 


red 
cts 


the 


in 
the 
di- 
ere 
St - 


ys. 
loy 


za 
iry 





K. E. NELSON AND F. P. STRIETER 


and increased the ductility of the part by decreasing its grain 
size. In this operation, however, the elevated temperature yield 
and tensile strength values and the creep properties of these 
alloys were reduced. Lowering the rare earth content from 6 
per cent to 3 per cent, omitting the Mn, and increasing the Zr 
content to 0.25 per cent resulted in a reduction in the amount of 
embrittling compound which was present and reduced the grain 
size of the alloy considerably. It is realized that a compromise 
was made between properties and the ability of the alloy to be 
handled in the foundry and assembly operations. The practica- 
bility of a production foundry producing parts in a brittle com- 
position such as EM61B alloy is not encouraging. 

M. W. MARTINSON AND L. BADONE (Written Discussion):* Mr. 
Nelson and Mr. Strieter are to be congratulated on an excellent 
paper which should be invaluable to aircraft engine designers 
working with the newer high-temperature magnesium alloys. A 
lot of data has been published for the rare-earth alloys, based on 
various types of separately cast test bars, but until this paper very 
little data was available on the properties to be expected in 
actual castings. 

Table 4 in the paper illustrates the well-known foundry fact 
that each casting is a problem unto itself. For instance, castings 
B and C, on all alloys, give slightly lower room temperature 
properties than castings A and D. Thus any statements on the 
proportion of separately cast test bar properties obtainable in 
castings should always be strongly qualified, as they can never be 
anything but generalizations. 

The five alloys dealt with in this paper do, however, show the 
same trend within any one type of casting, and referring to Fig. 
10 one sees that the overall trends are the same when either cast- 
ing properties or separately cast test bar properties are con- 
sidered. 

In Renfrew we have been working for some time with these 
alloys, and in particular with (EZ33A-T5). The slightly in- 
ferior showing of this alloy in the present work, when compared 
with EK30A, EK30B and EK31A, we believe, is due in part to 
the lower rare earth content used. The following table com- 
pares the average.l room temperature properties on separately 
cast test bars from some of our production melts of EZ33A with 
the properties taken from Fig. 10 shown for similar bars for the 
four manganese-free alloys. The rare earth analyses for the 
alloys dealt with in the paper, have been averaged and are also 
shown for comparison purposes. 


Alloy & Condition R.E. % U.TS. 0.2% P.S. E1% 
EK 30A-T6 2.88 23.0 14.0 5.0 
EK 30B-T6 3.07 26.0 17.5 3.0 
EK 31A-T6 2.95 25.0 16.0 5.0 
EZ 33A-T5 - 2.51 22.0 16.0 3.0 

EZ 33A-T5 (LAL Prodn) 3.1 25.0 16.0 4.7 


The averaged production melts fell within a narrow analysis 
range of R.E. 3.1 + 0.1 per cent; Zn 3.1 + 0.1 per cent; Zr (S) 
0.6 + 0.05 per cent, and at this level of rare earths the creep 
and elevated temperature properties are probably much closer 
to those of the other three alloys. 

On a casting similar to type B used in the investigation, we 
have obtained, on bars cut from the casting and tested at room 
temperature, U.T.S.—19.9; 0.2 per cent P.S.—13.1; El, per cent— 
2.9 per cent, the sectioned castings coming from normal produc- 
tion runs. These properties come very close to the ones given 
in the paper. 








% Production Manager and Plant Metallurgist, respectively, Light Alloys, 
Ltd., Renfrew, Ont., Canada. 
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As regards foundry characteristics, these alloys are definitely 
inferior to the AZ alloys. They are more turbulence prone, and 
this necessitates careful gating if the cope pitting mentioned by 
the authors is to be avoided. Feeding on the alloys is good but 
solidification shrinkage is dependent on composition, and where 
close dimensional tolerances have to be met close control of com- 
position is necessary. Work with fluidity test spirals has indi- 
cated that zinc is beneficial. It has also been noted that property 
levels tend to be higher when scrap is being re-used than when 
charges are entirely composed of new metal. 

In evaluating the rare earth alloys it must be remembered that 
they all have far superior elevated temperature properties to the 
older alloys and the differences between EK30A, EK30B, EK31A 
and EZ33A are minor when compared with, say AZ91. Consid- 
ered from this point of view, the slight sacrifice in elevated tem- 
perature properties incurred by the use of EZ33A is well justi- 
fied when a high temperature solution treatment is avoided. 

We would like to query this solution treatment as on castings 
of type B distortion must be an ever present danger and inevit- 
ably lead to slower rates of production. 

Mr. Netson: I am happy to see the interest of Messrs. Mar- 
tinson and Badone in our paper and to have the opportunity of 
this exchange in comments. 

It is a fact that the final evaluation of alloys must be made in 
actual service tests, or, second best, on bars machined from 
castings. Equipment for service testing is not readily available 
and in order to facilitate our comparison of alloys we selected 
the second method. 

The comparison made by Messrs. Martinson and Badone shows 
the yield strength values of separately cast bars of both Dow and 
Light Alloys Limited production EZ33A-T5 to be the same but 
with higher elongations and tensile strengths in the higher rare 
earth content alloy. We have not obtained elongations and ten- 
sile strengths in separately cast bars of this composition with 
equal rare earth contents as high as they have quoted. As stated 
in their discussion their data on bars sectioned from castings 
compare exactly with our results with our somewhat lower rare 
earth contents, 

The observation that highway property levels are obtained on 
re-used charges than on virgin charges is interesting. 

In answer to the query on distortion during heat treatment 
we find the distortion of EK30 type of alloy heat treated at 1050 
F is not serious, nor is it any different than obtained on solution 
treating Mg-Al-Zn alloys at their normal solution treating tem- 
peratures of 730 to 780 F. 

W. E. Sicha: * Have the authors made any effort to determine 
the importance of grain size in the good resistance to creep that 
they obtained with EM61 alloy? How much is attributable to 
grain size and what portion to alloy composition? 

Mr. Netson: The general belief in regard to creep resistance 
of alloys as a function of their grain size is that the coarse 
grained alloy is stronger than the fine grained alloy. This factor 
has some bearing on the improved creep strength of EM61B 
alloy over the other alloys reported in this paper. However, in 
addition to this we have seen in our work at Dow that the higher 
rare earth content (6 per cent over 3 per cent) contributes to a 
greater degree to the good creep resistance of this type of alloy 
than does its coarse grain. 

In the magnesium-rare earth-zirconium alloy system we have 
found essentially no variation in creep strength between 0.0 per 
cent Zr and 0.6 per cent Zr in spite of a considerable refinement 
in the grain size and improvement in the tensile properties as 
the result of the Zr addition. 


4 Chief, Cleveland Research Div., Aluminum Co. of America, Cleveland. 








LADLE REFRACTORIES AND PRACTICE 
IN ACID ELECTRIC STEEL FOUNDRY 


By 


Clyde H. Wyman* 


Introduction 


IN THE CASTING OF METALS the foundryman en- 
deavors to obtain the cleanest metal possible at the 
ladle spout. This can be accomplished only by main- 
taining ladles free from furnace and ladle slags. From 
a pouring standpoint, a fluid slag is the Cleaning 
Room’s worst offender. In addition to slag surface 
defects, there is also a great possibility of trapping 
silica particles in the steel thereby creating what is 
known as an accidental nonmetallic inclusion. 

The silicious material known as ganister is com- 
monly used in ladle linings in the acid electric steel 
foundries. This material is not processed by the re- 
fractory manufacturers but is used in the raw state 
and prepared and graded for the various service con- 
ditions. 

An understanding of the reactions of silicious ma- 
terials as refractories revolves around a study of silica, 
the basic constituent of this material. Quoted from 
bulletin on Massive Quartzite by A. R. Blackburn of 
the Ohio State University, silica is polymorphic hav- 
ing two or more crystalline forms and exists in more 
than one mineral form. These are alpha and beta 
quartz, and alpha and beta crystobalite and alpha 
and beta tridymite. At atmospheric temperatures these 
minerals exist only in the alpha form but invert rap- 
idly to the beta form when heat is applied. Any one 
of these minerals may be converted into either of the 
others by proper heat treatment. The permanent ex- 
pansion of silica when heated and the reversible ex- 
pansion with heating and cooling are due to these 
inverting properties. With normal service, the quartz 
inverts to both crystobalite and tridymite and will 
consist of all three silica minerals plus silica glass. 
If the temperature does not exceed 2678 F, it will be 
composed of tridymite silica glass and impurities. If 
the temperature does exceed 2678 F, it will become 
crystobalite with silica glass and impurities. These in- 
versions only take place on exposed surfaces. 

Chemical analysis of ganister is as follows: 


* Chief Metallurgist, Burnside Steel Foundry Co., Chicago. 
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Silica, SiO, 98.82%, 
Ferric Oxide, Fe,O,; 0.09%, 
Alumina, Al,O, 0.73% 
Magnesia, MgO 0.01% 
Titania, TiO, 0.02% 
Total Alkalies 0.03%, 
Ignition Loss 0.30%, 





Materials 


The greater proportion of ganister that is con- 
sumed by the foundry industry originates from three 
different districts—Eastern, Middle West, and West- 
ern. The material described in this paper is South 
Dakota ganister. According to geological reports, the 
material is bed rock belonging to the Sioux formation 
and outcrops along the valley of the Big Sioux River. 
The exposures are very hard and are practically pure 
quartz. 


Several years ago, the author conducted an inten- 
sive investigation upon the effect’ of grain size and 
grain distribution of the material used in a mono- 
lithic rammed ladle lining. The principal objective 
was to obtain the highest degree of refractoriness with 
a minimum of erosion which is the determining fac- 
tor for maximum life and clean ladle walls. Our 
approach was from two distinctive phases; first, dens- 
ity and second, the correct silica and alumina-silicate 
or clay ratios. The ratio will determine the degree of 
vitrification or a fusion zone. It is our belief that 
the closer you can come to a solid mass on the ex- 
posed ladle wall, the greater efficiency you can expect 
from the operation of the ladles. In order to obtain 
this degree of density from the ganister mix, it is 
necessary to maintain a definite grain size with proper 
grain distribution which will create the desired inter- 
locking effect of the grains and the absence of voids 
to resist and prevent a starting point for undercutting 
and erosion of the wall. 


After thorough investigation we have adopted the 
following fineness specification which has given satis- 
factory service: 
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REPRESENTATIVE FINENESS 








Sieve No. Per cent 
20 11.6 
30 5.7 
40 8.2 
50 17.9 
70 19.3 

100 13.8 
140 5.7 
200 3.5 
270 1.4 
Pan 3.9 





The above fineness is classified as “4, and down” 
material; the wide distribution is appa.ent. Taking 
the A.F.S. fineness numbers into consideration, over 
a period of time, the cars of ganister will average 
from 54 to 60. To obtain the desired density and 
permeability, we request the material to run 40 per 
cent reclaimed on a 50-mesh screen and the balance to 
pass through to the pam. Our ladle performance rec- 
ords of the number of heats per lining clearly show 
that an average allowance of 3 per cent p‘us or minus 
at the 50 per cent desired graduation point will pro- 
duce satisfactory results from a density standpcint. 
. In steel foundries where various type of ladles are 
employed, which include teapot and bottom pour and 
covered monorail ladles, it is essential to know 
through experimentation, the thermochemical reac- 
tion and the eutectic point of the ladle mixtures. This 
must be accomplished to obtain the desired homogen- 
eity resulting in the desired monolithic structure. 
This depends on the subjected temperatures and serv- 
ice on the exposed surfaces of the ladle wall. 


Four Ladle Mixtures Tried 


Through observation and experimentation, we have 
adopted four different ladle mixtures depending on 
the application and the heat effected zones. The use 
of these various mixtures is determined by the degree 
of temperature where the part‘cular location o: the 
ladle is subjected to, and also the rate of heat con- 
ductivity from that particular location. High refrac- 
toriness is not soley important in ladle linings but, to 
arrive at the proper silica-clay ratio in combination 
with the fluxing ingredient, it is necessary to reach 
the eutectic point of the mix depending upon the 
temperature range to create thermochemically the de- 
gree and depth of the vitrification or fusion strata. 
For illustration, we carried on an investigation of 
eight different materials used in the spout of the tea- 
pot ladles. Four of these mixtures were milled in our 
own plant and the balance were purchased items. 
Following the day’s operation, the inside diameter of 
the down and in spout was measured to determine 
the degree of erosion and also the condition of the 
wall surface. Taking all the different materials into 
consideration under approximately the same service 
conditions, the total increase in area ranged from 28 
per cent to 340 per cent. The material that showed 
the most homogeneous mass and the deepest vitrifica- 
tion zone had the lowest percentage of area increase 
in the spout opening. 
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Properties and Mixes 

The service testing of the ganister was carried out 
with reference to its properties when mixed with the 
binding materials and the suitability of these mix- 
tures to ladle service. As stated before, we have 
adopted four ladle mixtures, each designed for a 
specific purpose depending upon the service require- 
ments of the ladle. 

The writer calls your attention to the fact that he 
uses a larger percentage of fire-clay in the mixes; first, 
to maintain a closer control of the permanent expan- 
sion of the silica and, second, the alumina-silicate in 
combination with the silica to obtain the desired 
eutectic mixture. A small percentage of bentonite is 
added to increase the green strength with also a slight 
effect upon the hot ‘strength and added plasticity 
without much detrimental effect upon the permanent 
expansion. About | per cent of iron oxide and fly ash 
is introduced in the mix as a fluxing and g!azing 
agent to accelerate and act as a mineralizer to insure 
thermochemical reaction and deepen the vitrification 
zone. 

The sidewall mix used in the teapot and the small 
bottom pour ladles consists of 89.3 per cent ganister, 
9.5 per cent bonding materials, and 1.2 per cent flux- 
ing agent. 


MIXTURE FOR SIDEWALL OF 5-TON TEAPOT LADLE 





Ganister 600 Ib 89.3%, 
Fire Clay 41%4 gal—43.2 lb 6.4% 
Iron Oxide % gal— 81 ” 1.2% 
Bentonite 1% gal—108 ” 1.6% 
Fly Ash 10.0 ” 15% 
Glutrin 1% gal 





Properties derived from the above mix are as fol- 
lows: 





Moisture 6.7% 
Permeability 40 
Green Compressive Strength 11.1 psi 
Dry Tensile Strength 105” 
Hot Strength at 2000 F for 12 min 690 
Hot Strength at 2500 F for 12 min or 





The temperature exposure and the erosion is greater 
in the spout of the teapot ladle than at any other 
location. The factor of heat gradient is low due to 
the fact that only a refractory wall separates the 
spout from the main body of the ladle. In this mix- 
ture, due to the extreme service, we use the silica 
in a very fine grain size to obtain a h‘gh degree of 
refractoriness and also the maximum degree of dens- 
ity. The silica content is 87.8 per cent, bonding ma- 
terial 11 per cent, and the fluxing ingredient 1.2 per 
cent. Through experimentation, we run the spout 
for approximately 25 heats before slagging com- 
mences, then the spout is replaced. In this period 
of time the vitrification strata will extend from | to 
11% in. deep with no visual indication of a crystalline 
structure, but a perfectly blended solid mass. 
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: Wet t. "Sas 
Hot Face Zone Su. tace Adhering Slag 

Hot Face Zone. There was progressive alteration cf the 
quartz to cristobalite toward the hot face zone. In the latter, the 
fermer quartz grains were still identifiable, but were completely 
altered. The matrix contains a pyroxene glass. 


Adhering Slag was 4g to \ in. thick, dendritic cristobalite 
and pyroxene. 
Fig. 1—Sidewall refractory. The unaltered material 
as well as the raw ganister were quartz. Mag. 60x. 


The thind mixture , applied in the form of a slur- 
ry approximately 34 to | in. thick as a coating over 
the brick lining in the large bottom-pour lad‘es. This 
affords good protection for the brick and normally 
has a life of from 30 to 40 heats before chipping out 
and recoating. The bottoms and the wall surround- 
ing the nozzle are rammed in with the same mix we 
use in the side walls of the teapot ladles. 

The coating mix carries practically the same ad- 





ditions as the spout mixture with the exception of « 
larger amount of fireclay. Due to the manner of a) 
plication, it is necessary to increase the cohesivenes, 
and plasticity of the material. 


MIXTURE FOR SPOUT OF TEAPOT LADLE 





Silica Sand, Washed A.F.A. 60 450 Ib 65.8: 
Silica Flour, 250 Mesh 150 ” oar 
Fire Clay 5% gal — 528 ” 7.75 
Bentonite 1,” — 126 ” 1.8° 
Iron Oxide % gal— 81 ” 1.2¢ 
Fly Ash I gal — 100 ” 1.5¢ 
Straight Glutrin 1 gal 
Properties 

Moisture 6.3% 

Permeability 30 

Green Compressive Strength 9.6 psi 

Dry Tensile Strength 120 

Hot Strength at 2000 F for 12 min 850 

Hot Strength at 2500 F for 12 min 110 





SLURRY MIXTURE FOR 5-TON BotTToM-PouR LADLE 





Silica Sand, Washed A.F.A. 60 150 Ib 64.5% 
Silica Flour, 250 Mesh 150 " 215% 
Fire Clay 7 gal — 67.2 ” 9.6%, 
Bentonite 134% gal— 126 ” 1.8% 
fron Oxide ¥%,gal— 81 ” 1.2% 
Fly Ash Il gal — 100 ” 1.4% 
Glutrin 1 gal 
Properties 

Moisture 6.9%—As Milled 

Permeability 25 

Green Compressive Strength 9.9 psi 

Dry Tensile Strength 100” 


Het Strength at 2000 F for 12 min 880 
Hot Strength at 2500 F for 12 min 130 





The fourth mixture is used in the 250-lb monorail 
ladles on the side walls and bottom. Over a period 





Black Zone, | to 2 in. thick, quartz grains surrounded by a 
glass containing tridymite and a fine-grained pyroxene. 


Surface 


Gray Zone, 1% to % in. thick. All of the quartz grains have 
been altered to smaller cristobalite grains. The matrix contains 
cristobalite and pyroxene. Near surface, magnetite is present. 


Fig. 2—Spout refractory. Unaltered refractory was predominantly quartz. Mag. 80x. 
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of several years, we conducted an investigation with 
ladle linings for the sole purpose to find a mix which 
would minimize slag formation accumulated in_ the 
monora ladle in pouring of the lighter castings. 
Through this investigation, we used all types of sili- 
cious materials and even experimented with some 
basic linings. Grain size and grain distribution shou!d 
be emphasized. The following permeability and hot 
strength figures which we obtained in this mix are 
very desirable. Also, the eutectic point of the differ- 
ent compounds is well within the pouring tempera- 
ture range of the metal, thus setting up a definite 
vitrification zone which is also necessary to maintain 
a low slag resistant value. 


Mixture FoR 300-LB MoNoRAIL LADLES 





Ganister 300 Ib 48.4% 
Car-O-Line | 300 ” 484% 
Fire Clay Ilgal -— 96 ” 1.6% 
Fly Ash lgal —100 " 16% 
Glutrin 114 gai 
Properties 
Moisture 6.7% 
Permeability 40 
Green Compressive Strength 9.3 psi 
Dry Tensile Strength 3 ” 
Hot Strength at 2000 F for 12 min 740 =” 
Hot Strength at 2500 F for 12 min 115 





In all the mixtures | to 114 gal of glutrin is added 
as a tempering and binding agent. This liquid ma- 
terial has a great effect upon the green and hot prop- 
erties and also enhances the refractory values of the 
mix. 


Installation 


The practice of building the ladles is rather uni- 
versal throughout the small casting industry. We 
employ specially built steel forms on the teapot, 
smal] bottom-pour, and monorail ladles. This form is 
designed with a slight taper depending upon the 
capacity of the ladle to permit the ladle man to with- 
draw the form after ramming and avoid any tearing 
or disturbance upon the ladle wall. The degree of 
ramming to obtain the expected monolithic mass is 
determined by the depth of the impression of the im- 
pact of the pneumatic rammer. This impression, when 
the degree of ramming is adequate, shows just a slight 
indication of the ramming head. To further insure 
soundness after the form is drawn on the teapot 
ladle, the operator will again ram the side walls in 
a horizontal position. It is quite surprising the soft 
spots one will encounter even after taking painstak- 
ing efforts on the first ramming operation. These soft 
spots usually occur at the parting lines of the differ- 
ent additions of the mix, even though the ram sur- 
face between additions is thoroughly scratched to al- 
low the blending oi the material. 

For added protection, two rows of straight fire 
brick are laid in with cemented joints on the bottom 
of the teapot ladle, and the balance of the bottom and 






Surface 

Altered Zone. The decarburized zone is 4 to \% in. thick. 
Ihe glazed surface is 4g in. thick. The latter is a vesicular 
siliceous glass containing Al,O,, CaO and MnO. Conical illumin- 
ation. Mag. 40x. 


Fig. 3—Monorail refractory. Unaltered material was 
quartz with carbon and some clay-like material. 


side walls and spout are rammed in place. On the 
small bottom-pour and monorail ladles, both the bot- 
tom and side walls are made up of a monolithic lin- 
ing. 

The practice on the large bottom-pour ladles is to 
lay two courses of brick on the bottom, and one course 
on the side walls. Approximately a 5-in. rammed bot- 
tom is installed depending upon the height of the 
nozzle in order to allow for proper drainage. As ex- 
plained before, a layer of slurry is applied to the side 
walls. 

All types of ladle shells are perforated with 14 to 
3%-in. vent holes placed on from 2 to 5-in. centers 
depending upon the size of the ladle. 

Drying and Preheating 

We all strive to produce a quality product. Many 
a good heat of steel tapped into a so-called “wet” 
ladle has resulted in inferior and unsa!able castings. 
Whenever pear-shaped holes or cavities appear sur- 
rounding the riser and also on the cope surface, most 
of the time, you can trace it down to a wet la‘lle. 
When the metal is poured into insufficiently dried 
ladles, water vapor is formed from the excess mois- 
ture, which in turn dissociates into hydrogen and 
oxygen and may be trapped in the casting surface 
forming deep-cratered cavities. 

We are firm believers in ample drying and pro- 
heating facilities in order to avoid the possib‘l ty of 
a green or wet ladle. Our procedure to obtain a 
thoroughly dried ladle is taken in three steps. When 
the lad'e is newly lined, the first step is to apply heat 
from a forced draft, pre-mix gas combustion chamber, 
which circulates the heat efficient'y. This prelimin- 
ary drying is carried on for an 8 to 10-hr period at a 
temperature of from 500 to 600 F. In the second 
step, the ladle is placed in a horizontal position 
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against the ladle wall or in a vertical. position using 
a gas burner with a low air pressure, and the flame is 
set to maintain a temperature of from i000 to 1200 
F for a period of 8 hr. 

Following the second preliminary drying operation, 
the ladle is now ready to be put in use. Before the 
ladle receives its first heat, we allow 3 hr for the final 
preheating at a temperature of between 1600 to 1800 
F. It is well established that the lower the dens‘ty 
maintained in the ladle linings, the more caution 
must be exercised in also maintaining a definite rate 
of heat in the preliminary drying of the ladles. If 
this three-step program is carried out as outlined, 
the control of permanent expansion is within bounds 
and no indication of buckling or spalling occurs. 

Our ladle drying and preheating facilities consist 
of a low-teraperature gas-fired circulating-type heater. 
To accommodate the teapot and large bottom-pour 
ladles, we have three-wall preheaters with a ladle 
truck on tracks in front of each wall in order to 
maintain the proper space -tetween the ladle proper 
and wall. From a standpoint of heat conservation, 
this opening is important. On the smail bottom-pour 
ladles, we have practically the same wall setup only 
on a smaller scale. This wall is continuous with 
three gas burners used for preliminary drying and 
final preheating. The monorail ladles are preheated 
in a vertical position with room for six jadles on a 
roller conveyor. Each ladie is supplied with an in- 
dividual burner and as the front ladle is p'aced in 
service, a new lad'e is placed on the line thus allow- 
ing sufficient time for the drying operation. An aver- 
age of two ladles is used on each heat so the cycle 
permits a drying time of approximately 4 to 414 hr. 
Allowances are also made for air drying of these 
ladles before subjected to heating to avoid any dam- 
age to the ladle wall. 


Distribution 


The distribution and handling of metal in the steel 
casting industry determine the type of ladie to be 
used. This is governed by the type of mold and cast- 
ing design which, through foundry experience and 
technique, determine the proper rate and speed of 
pouring at a temperature with a given flowa’ il’ty to 
produce a casting with a minimum of the usual found- 
ry defects caused from the pouring operation. 

The average jobbing electric steel foundry produc- 
ing castings weighing from several ounces to several 
thousand pounds should be equipped w'th various 
types of ladles. It is quite obvious that tke lighter 
weight casting should be poured with hand shank or 
monorail ladles. Proceeding in the next we'‘ght class, 
it is universally conceded among foundrymen that the 
bottom-pour ladle is superior from a cleanliness and 
sharp casting detail standpoint. 

Usua!ly monolithic ladle linings are prepared, re- 
fractory mixes blended and milled in the foundry- 
man’s own plant. Practically all refractories used in 
a bottom-pour ladle are manufactured items. The 
selection of brick, sleeves, nozzles and stopper heads 
is based upon the performance of the ladle opera- 
tion. This requires a careful study of the composi- 


tion and design of the refractories which are bes! 
suited for one’s pouring practice. 

There is a difference of opinion as to the design 
and shape of the nozzle and stopper head. Since the 
advent of the bottom-pour ladle, almost every con 
ceivable design of stopper head, sleeve brick and 
nozzle has been tried in the steel industry. It is a 
known fact that U. S. patent files alone contain some 
90 claims for variations in these parts. 


Bottom-Pour Ladle Performance 


For successful bottom-pour ladle performance, it is 
essential] that the ladle man be a sincere conscientious 
individual. Not the slightest detail can be missed or 
overlooked in the maintenance and preparation of 
the well, together with the stopper rod set-up of the 
ladle. 

Stoppers and nozzles are not complicated in design; 
their function is to shut and open the ladle mctal 
pouring outlet. Like any valve, the functioning of 
the stopper head-nozzle combination depends upon 
one harder surface impinging on a softer one. 

Experience has shown that the best nozzle brick is 
made of third grade fire clay with a softening point 
of 2600 to 2700 F. The nozzles provide the seat for 
the stopper head, therefore, it should soften slightly 
at steel pouring temperatures. There ex sts a differ- 
ence of opinion as to the proper design, which is 
usually based upon one’s pouring practice and size 
of heat. Practically all nozzles are designed with a 
streamlined orifice, curving from top with an ample 
radius at the seating suriace. In order to obtain a 
good circular contact, it is well to place the stopper 
head upon the nozzle and turn completely around to 
observe if the marking from the graphite head has 
formed a circle upon the seat of nozzle. For high 
temperature pouring, a high seat is desirable and will 
minimize sticking difficulties. 

Stopper heads take the brunt of the pouring load, 
must resist high temperatures and be able to main- 
tain sufficient compressive strength at these tempera- 
tures. Through years of experimentation, stopper 
head manufacturers have found that natvral graphite 
with suitable clay binders seems to be the best ma- 
terial from a service standpoint. The high rate of 
heat conductivity enables the head to resist the therm- 
al shock when it comes in contact with the molten 
steel. The size of the lad'e and pouring temperature 
determine the composition of the head. Some opera- 
tors prefer a head with a lower carbon content, which 
lowers the rate of heat conductivity to other critical 
parts of the assembly. Depending upon the burning 
temperature of the heads, the carbon content deter- 
mines the refractory point, the hardness a». the re- 
sistance to thermal shock. 

The head is assembled with the rod by means of 
a bolt or pin as shown in the stopper and nozzle 
assembly (Fig. 4). In order to avoid contact between 
the walls of the stopper head and the stopper bo't, 
some operators, as an extra precaution, used a sili- 
cious clay around the stopper bolt to form an insulat- 
ing layer to reduce the rate of heat transfer to the 
vital bolt. 
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Fig. 4—Stopper and noz.'e assembly. 





After the pin and head are keyed in the rod, care 
should be exercised not to drive the pin too tight in 
order to avoid damage to the shoulders of the head. 

The next step in the rod assembly is to plug the 
undercut in the stopper head. Considering the ex- 
treme exposure of this area in service, a high refrac- 
tory, low shrinkage material should be used. Stopper 
head manufacturers produce a plug mix using a 
graphite-bonded mixture which has proven satisfac- 
tory. For economy, some operators grind used graph- 
ite stopper heads and use a ratio of two-thirds of 
ground heads and one-third fire clay, which produces 
a good plug mix. In the ramming of the plug mix 
in the undercut area of the head, it is good practice 
to work the mix in well with fingers and then supply 
sufficient materia] to complete ramming in one oper- 
ation. This precaution will produce a homogeneous 
plug free of laminations. 

With the head attached to the rod, it is now ready 
for the upper protection with a series of clay sleeves 
covering the stopper rod. Sleeves like nozzles are 
usually made of third grade fire-clay. Sleeves must 
be able to withstand thermal shock together with low 
linear therma! expansion. In addition to the above 
desired properties, the resistance to spalling, crack- 
ing and slag erosion with a high pyrometric cone 
value are all necessary requisites in order to main- 
tain satisfactory ladle operation. Considering the 
stopper assembly, the sleeves carry the least burden 
from a mechanical load standpoint and only serve as 
a protective covering of the stopper rod. 

Designs of sleeves are fairly well standardized, most 
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commonly adopted of which consist of two types 
called the bell or bottom, and straight sleeves. The 
bell sleeve is designed to fit the shank of the stopper 
head with a skirt extending around the upper peri- 
phery of the head. This feature is added protection 
and serves as an obstruction in preventing the molten 
metal from reaching the vital stopper bolt. 


Stopper Rod 


The size or ciiameter of the stopper rod determines 
the size straight s!eeve to be used. For example, in 
using 134-in. rod, it is common practice to use a 2-in. 
ip. and 4-in. o.p. sleeve, thus allowing a I-in. refrac- 
tory wall surrounding the rod. 

In the stopper rod assembly, it was previously stated 
that the head had been attached to the rod. The next 
step is the placement of the required number of 
sleeves on the rod to just below the threaded section 
of the rod. Following this operation, the rod is sus- 
pended by resting on the washer and nut, which is 
placed at the bottom of the threaded section. 

It is ixaportant that the shank or male of the stop- 
per head and the female part of the bottom or bell 
sleeve be of the same design so that there is little 
clearance between them. This particular phase is the 
heart of the assembly. On the smaller rods, the louse 
sleeves are lifted while the bottom sleeve is mudded 
into the head. It is essentia! that a high fusion and 
low shrinkage mz: mixture be used between the 
joints. Each succeeding sleeve is joined with the 
same careful consideration. 

There exists a smal] opening between the rod and 
the sleeves. It is cons dered 4 x0d pract’ce to pour 
loose silica sand in this gap, thus reducing the rate of 
heat conductivity to the rod. 

In order to assure oneself, when the joining of the 
sleeves is completed, the nut arrangement with the 
bottom washer is slightly tightened to exert a pres- 
sure on the sleeve assembly, thus assuring a compact 
snug fit between the joints. 


Drying Operation 

Before the drying operation, the nut should be 
backed off slightly to permit expansion of the sleeve 
assembly. —Too much emphasis cannot be placed upon 
the drying operation. Like in all refractory and steel 
assemblies, a slow drying procedure is abs»lutely nec- 
essary to prevent damage to the refractories through 
the expansion of the materials. 

Ample time at low temperatures is an important 
factor to obtain a moisture free assembly. 

Figure 5 shows a cross-section of the pouring ladle 
with the stopper rod assembly. The goose neck is 
keyed in the slide operating mechanism and the ad- 
justing screw is moved for proper placement of head 
in relation to the nozzle. In setting the rod in the 
ladle, it is set so that the head is slightly off center 
towards the near side of the ladle. This slight kick 
is necessary to compensate for the buoyancy of the 
steel and the expansion of the rod so that when the 
ladle is filled, it brings the head directly over the 
nozzle. When setting the rod assembly, at least 4, 
in. per ft of sleeves should be allowed for expansion 
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to prevent cracking of the sleeves and undue pressure 
ow) the stopper head. 

To further test the contact point between the head 
aid nozzle seat, a pan should be placed directly under 
the nozzle opening and dried sand sprinkled around 
the head to determine if any sand grains seep or pass 
through the contact area. This practice is not an ab- 
solute cure-all against leakers, but will give one a 
good indication of the setup. 

A great deal of investigation has been carried out 
on the thermal distribution of stopper rod assemblies. 
For efficient bottom-pour ladle practice, every pre- 
caution must be taken to minimize the rate of heat 
conductivity to the stopper rod and bolt. 

The refractory bottom of the ladle should be slop- 
ing to the nozzle and the surrounding well. This well 
should be broad and shallow in order to prevent 
chilling of the metal around the stopper. In the 
setting of the nozzle, first examine the condition of 
nozzle plate which must be perfectly clean with a 
perfectly flat surface in order to maintain the nozzle 
in a perpendicular position. For added protection 
to insure perfect alignment, a mandrel with a head 
fitting the nozzle and a shaft extencing into the noz- 
zle opening should be used; the opposite end should 
be threaded like the stopper rod. This mandrel should 
be assembled exactly like the stopper rod assembly 


and connected with the goose neck. The practice in 
making the well, which is a ramming operation, re- 
quires a rigid setting in order to hold the nozzle in 
the proper position to meet the radius of the head 
which constitutes a valve arrangement. 

In the acid steel foundries, the well material is 
usually a ganister mix similar to the sidewall mix 
used in the teapot ladle. After the well is rammed, 
the surface should be troweled to a sloping effect to 
meet the s des of the nozzle. Care must be exercised 
in the drying of the well material to avoid cracking 
and any thermal shock to the nozzle. 

Bottom-pour ladles are usually lined with a high 
grade first quality hard burnt fire brick, including 
both bottom and side walls. In the laying of the 
brick, it is advisable to imbed the brick in a layer of 
wet mud next to the shell of the ladle. This practice 
will afford a tight seal between the joints of the brick 
and will add another layer of protection in case the 
metal seeps through between the brick. From ex- 
perience, to obtain a prolonged ladle life, a slurry of 
wet mud approximately 34 to | in. thick on the sur- 
face of the side wall brick will protect the brick from 
the erosion of the metal and slag. In case of the bot- 
tom, a rammed ganister lining is put in place from 4 
to 5 in. in thickness. Based upon ladle performance, 
the addition of the slurry and the bottom ganister 
has greatly increased the life of the brick. 


Other Factors 


The life expectancy of the ladles aside from the 
effect of slag is determined by other factors, such as, 
type of steel, deoxidation prceducts and time con- 
sumed in pouring heat. From experience, we all fully 
realize that the pearlitic manganese steel series have 
an erosive action upon the acid-lined ladles probably 
caused from a metal and slag reaction. Secondly, the 
calcium deoxidation products react with the acid 
lining, causing a chemical reaction which produces 
the undesirable thin fluid slag which eventually 
lodges in the cope surface of our castings and adds 
to the Cleaning Room cest. Third, the holding time, 
or time of exposure at high temperatures beyond the 
soltening point of the ladle lining, will have a pro- 
nounced effect upon the life of the installation. 


Conclusion 


{In the steel foundry indusiry, the study of the be- 
havior and characteristics of refractory materials of 
monolithic linings is interesting and also mystifying. 
With supposedly the same iden:ical service condition 
and the same refractory materials, you se'dom see 
where two foundries can accomplish the same results. 
It is quite obvious there is an unknown factor which 
enters into the picture. Some say the raw materials 
are not consistent; others remark it is in the prepara- 
tion of the materials, or the method of installation 
might be responsible; still another phase, which we 
at times are not aware of, is the thermochemical re- 
action which takes place and causes undue deteriora- 
tion. 

Side stepping all the variables which might be en- 
countered, the author approached the problem to de- 
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termine the effect of grain size and grain distribution 
of the ganister in order to increase the life of the 
ladles, which means a reduction in ladle cost and, 
more important, cleaner metal at the ladle spout. This 
investigation was carried through over an extensive 
period of time starting with the coarse ganister speci- 
fied as 14-in. and down and eventually decreasing the 
grain size to 40 per cent reclaimed on a 50-mesh 
screen, and the balance through to the pan. This 
material could be classified as 4,-in. and down. 

Results indicate, from a service standpoint, that 
the size of the grain aids in the promotion of the de- 
sired density. Based upon the performance of the 
teapot and small bottom-pour ladles, we have more 
than doubled the life of the ladle linings. When this 
investigation was started, the author was fortunate 
to obtain 40 to 60 heats from a lining. Today, as the 
result of our findings, we have raised our average 
from 200 to 250 heats, and also an improvement from 
a cleanliness standpoint. 


DISCUSSION 


Chairman: R. H. Stone, Vesuvius Crucible Co., Pittsburgh. 

Co-Chairmen: R. P. ScHaAuss, Illinois Clay Products Co., Chi- 
cago; R. A. Wriscuey, A. P. Green Fire Brick Co., Chicago. 

V. E. Zanc:' What size.ladle is your teapot ladle? What is 
the thickness of your lining and what is your holding time? 

Mr. Wyman: It is a 5-ton ladle. The thickness of the wall is 
approximately 5 in. and the holding time varies from 35 min to 
1 hr and 10 min. 

Memser: Do you have : specific length of time for mixing 
your refractory mix and wnat type of equipment do you use 
for this operation? 

Mr. WrMan: This operation is done in muller-type mixer. 
The ganister is added first, then the binding materials, and they 
are mulled for about 12 min. Then there is a mixture of the 
glutrin, which we temper with a mixture of 1:1 glutrin and 
water, to 6 per cent moisture. A moisture test is made on every 
batch. 

The life of our ladles has increased four times since we started 
this investigation. 

C. D. Sears:? Do you find moisture content to be a critical 
factor? 

Mr. WyMan: Yes it is. When moisture content is too high, 
you get that sliding effect from your ramming operation and 
the material does not stay put. 

Mr. Sears: Could you get a too dry coating the other way? 

Mr. WyMan: Then it will also affect your ramming opera- 
tion. 

J. H. Rickey, Jr:* We have always recommended the use of 
the form as the author did in the paper. I would like more 
information about the author's steel forms? 

Mr. Wyman: Your initial cost is higher but over a period of 
time it would be advantageous to use a steel form rather than a 
wooden form because you must at times resort even to a sledge 
hammer to get them out. 

Mr. Rickey: Out of what do you construct them? 

Mr. WyMAN: We make them out of plate material in the 
boiler or plate shop. 

Mr. Rickey: In regard to drying of ladles, the author men- 
tioned the use of forced draft in a pre-mix draft chamber. Could 
it be possible to dry those ladles in a core oven type drier and 
still get satisfactory results? 

Mr. WyMAN: Then you would be exposing the gear mechan- 
ism to the heat. 

Mr. Rickey: Does that affect the lubricant and gear mechan- 
ism? 

Mr. Wyman: I think it will. We use a pre-mix ladle drier 
which circulates the heat well. It is possible to maintain constant 
temperature. 


1Vice President, Unitcast Corp., Toledo, Ohio. 
2 Foundry Metallurgist, International Harvester Co., Indianapolis, Ind. 
%Sales Mgr., Ironton Fire Brick Co., Ironton, Ohio. 
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Member: What is the pouring temperature of your molten 
steel? What is the fusion point of your mixture containing 98 
per cent silica? 

Mr. WyMaAn: I do not know what the fusion point of that 
mixture is. We never made a pyrometric cone (P.C.E.) test on 
it. The pcuring temperature of the molten steel will average 
3175 F using an immersion couple 

Memper: Fusion point of the refractory is not so important 
any more. Mr. Wyman has proven that if you form the glass on 
the surface of the refractory that is worth more than to have 
a higher fusion point. 

Co-CHAIRMAN ScHAuss: We also have much experience with 
these glaze formations which set up a high resistance to slag or 
metal attack or an erosive attack, resulting in longer service 
life of the refractory. 

Mr. WyMAN: When we come to the decision to take our ladles 
out of service, we still have from 4 to 414 in. of ladle wall re- 
maining. The bond in the refractory back of the glazed surface 
will be all burned out. It just crumbles. The bond is absolutely 
gone, but the thickness of the wall does not vary much from 
the original wall placed in the ladle. But when you hit that wall 
with a hammer, it just crumbles. That loss of bond is progressive 
from the glazed surface toward the ladle shell. 

Mr. Rickey: The author mentioned the importance of the 
grain size of the refractory. We have always recommended the 
addition of a 4 to Vg in. ganister with the fines taken out. Do 
you think that is necessary or is it permissible to include the 
fines in adding the ganister? 

Mr. WyMAn: You need the fines to fill the voids. 

D. R. Hayes:* Are the ladles kept hot at all times? 

Mr. WYMAN: Yes. 

Mr. Hayes: How do you control the ramming technique and 
density of the wall? Do you use a pneumatic hammer for ram- 
ming? 

Mr. WYMAN: Yes, we do. 

Mr. Hayes: How do you avoid air pockets and layer effects? 

Mr. WYMAN: You put in a certain amount of material and 
ram it down. Then you scratch or roughen the surface of this 
material to get a better bond for the next layer. We take extra 
precaution and after the ‘orm is drawn we ram in a horizontal 
position to remove the soft spots on those layers between the 
additions cf the material. 

Mr. Hayes: How cool do you allow the ladles to get? 

Mr. WyMan: The shell is absolutely cool. 

Mr. Hayes: Once you put the ladle into use do you keep 
your ladies warm at all times for the life of the ladle, or do you 
allow them to go down to room temperature, then up to 3100 
F alternately? 

Mr. WyMan: The ladles are in continuous use, except for 
about 12 hr during the night when the ladle cools. 

C. W. THompson: * What method do you use for determining 
density? Density seems to be an important factor in any refrac- 
tory. It is especially true in this case. Is there some simplified 
method of testing for density? 

Mr. WYMAN: We use the density recorder from our sand 
testing equipment. Grain fineness is a better indication of your 
ultimate density. 

F. RUTHERFORD:*® In ramming the refractory you probably 
bring some of the fines to the surface, depending upon the 
moisture content. In that way you probably form harder mate- 
rial at the surface than beneath the surface. 

Mr. WYMAN: The theory sounds reasonable. 

MemMBeER: Would it not be advisable, when initially starting 
up the ladles, to put some low-fusion material, such as water 
glass, on the face of the lining to set up the glassy surface? Would 
that not speed up the process? 

Mr. WyMAn: I had no success with water glass although 
many foundrymen use it. 

The secret of any ladle lining is the surface vitrifred zone 
which in our case is over I in. thick. 

W. R. JAESCHKE:* Has a study been made of those types of 
liquid glass or glass formations in the matrix that are referred 
to as a bond? In some types of services, is it possible that that 
glass might have such a low melting point that it might flow out 

+ 


4 Asst. Supt., Met., Pratt & Whitney Aircraft, E. Hartford, Conn. 
5 Sales Engr., New Jersey Silica Sand Co., Millville, N. J. 

®Sales Engr., Refractories Engineering, Hamilton, Ont., Canada. 

7 Consulting Engr., Whiting Corp., Harvey, III. 
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in service and carry some of the grog material with it, and in 
other cases might it be of such a nature that it is not fluid at all 
but semi-plastic and does act as a bond? It seems to me that in 
many cases refractory failures are due to the formation of a 
liquid glass which is carried away by the movement of the 
metal and causes the failure of refractories: In this case, evi- 
dently it seems to act as a bond and protective medium. 

Co-CHAIRMAN WITsCHEY: I want to discuss the term P.C.E. 
which is used by the refractory industry. P.C.E. is not a defini- 
tion of the melting point of a refractory. It simply explains the 
softening behavior of refractories. It is a test in which a cone 
of given material to be tested is compared in heating behavior 
with a series of standard cones. In other words, a cone is sub- 
jected to a temperature cycle and how it compares to a standard 
cone is given as an index of melting and softening behavior. 
However, it is a valuable help to refractory producers and users, 
but it should not be misinterpreted. 

With regard to the formation of a glassy phase on refractories, 
the other service conditions to which a refractory is subjected will 
largely determine what effect that glassy phase will have in its 
ultimate behavior. If that refractory is part of a structure which 
is subjected to excessive load and the loading of the refractory 
preceeds progressively and the structure has to resist load, then 
the formation of the glassy ph .se definitely hastens early failure. 

In the case of ladles, the refractory does not have to resist a 
static load as such. It comes as one of washing and erosion 
which is resisted by that viscous formation that you get in these 
ladles. 

Mr. JArscHKE: I have seen brick linings in teapot spout ladles. 
They were used for metals at very high temperature and there 
was definite flow action down the spout side. That lining would 
cut or channel very noticeably, showing the movement of the 
metal was taking something out of the brick that was soft. That 
may have been a glass face of the refractory also. There must 
have been something different in this case. What is the differ- 
ences in the glasses and their characteristics? What makes one 
beneficial and the other harmful? 

Co-CHAIRMAN WITscHEy: Our discussion of glass is really a 
discussion of slag reaction. Slag reactions involve the complexi- 
ties of composition, viscosity and other things which make it 
difficult to answer specific questions. It is true that the nature 
of the glasseous phase or slag will vary in compesition and these 
variations in composition will affect the viscosity and the physi- 
cal properties of that slag to a varying extent. Some slags would 
be conducive te permitting the aggregate or the coarse particles 
of the entire mass to float away and others would resist it. 

MEMBER: The chemistry of both glasses and slags vary con- 
siderably. As far as glasses in brick is concerned, it depends 
upon what type of brick you are using. In this case, I suppcese, 
it is silica brick. 

MR. JAESCHKE: No, it seems to me that refractory materials 
that are strictly of the usual fire clay mixture, roughly 50 per 
cent silica, and 40 to 50 per cent alumina, form a type of glass 
that washes away. The glasses herein discussed in both the 
monolithic mixture for this ladle lining and the blow linings in 
the cupola are a glass formed in a high silica base material. 
There it seems like a glass formed proves beneficial but in 
alumina clay mixtures it seems to be harmful. I was referring to 
a high quality kaolin brick. I have seen that type of brick used 
in a teapot spout ladle. That lining would channel, cut or 
wash out very noticeably just from the movement of tilting the 
ladle, and on the side on which the metal flowed out through the 
spout showing it was taking something soft out of that brick. 
This cutting action seems to be in the fireclay mixture and not 
the high silica base mixture. 

Member: As I understand it the glasses formed into mono- 
lithics evidently are of such a nature that they resist both tem- 
perature and corrosive attack. You feel it is due more to the 
higher silica content of the glass. 


Mr. JAESCHKE: It is related to the composition. I have see: 
the same condition in high silica base materials, even in fire 
stone. You take firestone brick and cut or saw it and it wil! 
make a satisfactory ladle lining. You can use the ladle at high 
temperature for 8 hr a day and there will be no appreciab|: 
amount of slag formed all day. When we use a fire clay mixture 
the lining cuts and slags, but when we use high silica or hig! 
alumina materials we do not have that trouble. Somewher: 
between the high alumina and high silica, the middle poin: 
seems to give us trouble. The glass must be different. 

Member: Density or permeability of the refractory must also 
be considered. In monolithic linings with the same chemistry 
and more or less the same permeability, the effect of metallic 
oxide penetration into them becomes practically negligible. Ir 
other words, you expose less surface of the refractory to the 
corresive action of the metallic oxide. I think the silicas, ganis 
ters, and silica sands are prone to be attacked by low fusion 
oxide of the metallic irons and if you can keep that penetration 
down to begin with, you can pour many heats before you obtain 
a concentration of metallic oxide which will prove harmful and 
flux your ladle. I think the author has definitely accomplished 
that. That glazed surface prevents further penetration. 

N. W. Roupasusu: ® One of the things that was discussed was 
refractories in ladles. 1 am more familiar with the steel industry 
than the foundry industry, but the ladle brick does not have a 
very high P.C.E. They have inclusions of elements that give off 
gases that cause the brick to expand. When this happens, you 
get a higher opening porcsity in the brick lining that amounts 
to practically the same as the rammed lining with the acid 
refractory. If you look at the silica-alumina-calcium diagram 
you find that silica can absorb more calcium without losing 
refractoriness than can the silica-alumina or high alumina brick. 
So that a cupola lined with silica has a relatively greater re- 
sistance to high lime slag than a silica-alumina brick. The same 
applies in the ladle. I think a highly siliceous ladle, disregard- 
ing the physical characteristics of the liquids in the reaction, does 
have a greater resistance to the lime slags than does the silica- 
alumina, because the curve in the phase diagram drops off 
greater when going toward a 100 per cent calcium oxide at the 
fire clay level than it does with pure silica. 

W. Harsrecut: ® We have been lining ladles, from 50-lb hand 
shank size up ‘o 2,500-lb teapot ladies with magnesia or magna- 
site bond to one with sodium-silicate and water. They are 
rammed in as the author explained. We get no reaction with 
metal or slags. We are using basic slags and perhaps one of the 
reasons for this is that the basic material has a high melting 
point, higher than the ganister or fireclay bricks. I believe a 
magnasite lining is excellent for extremely high temperature 
application. , 

Mr. JAFSCHKE: Drying of refractories is also very important. 
One foundryman said that no refractory is any good unless it is 
thoroughly dried before it is put into service. He said that he 
used different types of rammed linings in converters and the 
same refractory mix is used in ladles. He doubied the life of the 
linings of converters by thoroughly drying with a hot air drier 
before starting preheating. If the converters went into service 
about half baked, the length of service was cut in half. 


Co-CHAIRMAN WiTscHEy: I am happy that Mr. Jaeschke, who 
is a foundry engineer, brought up that important point. Re- 
fractory manufacturers have become lax in stressing that. Ladle 
life is predicated on adequate drying and burning in. Drying of 
refractories certainly has as much effect on the performance of 
ladle refractories as charging does on cupola operation. 


8 General Refractories Co., Philadelphia. 
® Research Laboratories, Union Carbide & Carbon Corp., Niagara Falis, 
N. Y. 
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